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Abstract 
Allowing users to be part of shaping change in new product development can contribute to 
more successful products. Advances in recent years in digital product representations (such 
as CAD and rapid prototyping) can potentially offer economic and time-saving benefits to 
this process. The research in this thesis has generated guidelines to support co-designing 
activity by exploring the issues of user involvement in the design process, paying particular 
attention to the use of digital (computer-based) and non-digital product representations to 
facilitate understanding and communication. The guidelines emerged through empirical 
research. 
The first stage of the research explored users' perceptions of physical and emotional product 
properties through digital and rapid prototyped representations: initial guidelines for 
Including product representations in co-designing were generated. An Interview study was 
then conducted to examine the wider issues of user involvement in designing and the use of 
digital and non-digital product representations from the standpoint of ten practicing - 
designers. Challenges and barriers to user Involvement were perceived but designers were 
open-minded to the Idea of digital co-designing. In parallel an audit was undertaken to 
evaluate product representation technologies for their ability to facilitate co-designing: 
traditional non-digital methods of sketching and hand-made models were used to develop 
criteria for this benchmarking. Limitations were found with existing technology and it was 
apparent that traditional methods (e. g. hand-drawn sketches and models) were better able 
to facilitate co-designing at this time than digital methods. These findings led to 
recommendations for future co-designing tools. 
Co-designing processes were then explored through six practical studies conducted with 
individuals and small groups of users. Users experimented with designing and making 
improved handles for a small gardening tool through sketching and day modelling. Design 
concepts were then taken further into digital media, through 3D scanning, digital CAD 
images and rapid prototyping and presented back to users for evaluation. Co-designing was 
also explored through a commercial context with an international packaging manufacturer. 
Ten users communicated design ideas for improved packaging by triangulation of notes, 
sketches, discussion and modelling activity. This produced user-led design criteria and 
commercially valuable concept designs. Important insights were gained into how co- 
designing may be facilitated within a commercial context and the experiences of the 
stakeholders. Several pertinent ethical issues such as ownership of ideas, incentives and 
rewards for user involvement were raised. The thesis concludes with guidelines and 
recommendations for co-designing, particularly regarding the role of product 
representations. 
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CHAPTER ONE 
Introduction 
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1. Introduction 
Involving users in the early design phases of new product development (NPD) can contribute to 
more successful products, which satisfy a greater range of users, whilst reducing production 
times and costs. 
Advances in recent years in digital product representation (PR) technologies such as computer 
aided design (CAD) and rapid prototyping (RP) can potentially provide economic and time-saving 
benefits over the whole product development process. However, there are no clear guidelines on 
how design teams can optimally communicate future product ideas to users through these 
technologies, particularly in the early stages of the design process. Equally, there is a limited 
understanding of how users communicate their product needs back to the designers in a way that 
is useful further into the design process. The research in this thesis aims to generate guidelines 
to support co-designing. This is achieved by exploring the issues surrounding user involvement in 
the design process, with particular emphasis on the use of digital (computer-based) and non- 
digital PRs to facilitate understanding and communication. 
1.1. Background to the research 
Increasingly, those sectors of industry concerned with the creation of consumer products have 
come to recognise the need to produce designs that meet consumers' needs, desires and 
aspirations. This can be attributed to the growth of user-centred design philosophy, and the push 
towards ensuring social responsibility through design (for example through adopting an inclusive 
approach). An ageing population for instance, is one reason why NPD organisations should be 
developing products to appeal to an increasingly wider range of customers. Although it is 
recognised that involving end users in the early stages of NPD can contribute to more successful 
products, all too often this information is provided too late in the process when it is difficult to 
solve problems. It is apparent that design organisations still perceive user involvement to be too 
time consuming, expensive and not always necessary, and even when practiced, it is usually left 
to the domain of external specialists. In response to this gap in designers' knowledge, new 
methods still in their infancy are being developed, which aim to improve the interaction between 
designers and users. 
Emerging from user-centred design approaches are participatory design research methods, which 
allow users to participate earlier during the design phases of NPD, increasing confidence in user 
acceptance. Co-design (or collaborative, co-ordinated or co-operative design) gathers insights 
into users' needs, allowing ideas to be fed into concept design and further product development. 
Co-designing recognises that designing is performed not only `for' users (i. e. user-centred 
design), but also `with' and 'by' users (i. e. designing with participation from users, who assume 
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the role of `designers'). Co-designing requires users to interact with and create representations of 
products, which act as vehicles for translating their needs and desires early in the design process. 
Design professionals in NPD wishing to engage users on this level must therefore understand how 
product representations can communicate products to users, and give users the flexibility to 
create and communicate their ideas back to the design team. 
Traditional product representations, and now recent advances in digital representation 
technologies such as Computer-Aided Design (CAD) and rapid prototyping (RP) allow design 
teams to communicate future products, while providing time and cost savings over the complete 
product development process. It can be seen that these product representations can potentially 
give users a 'voice' in the design process, and an opportunity for the stakeholders in product 
development to meet, work with and understand their customers' needs and aspirations. There is 
no clear understanding however, of how different digital and traditional product representations 
can facilitate user involvement through co-designing, and when and how they should be used. 
To use co-designing methods effectively, design teams need a deeper understanding of how 
users perceive and can work with product representations, and furthermore, to understand when 
the right product representation should be used. 
Consequently, the following key research question was proposed: 
. In what ways can product representations facilitate user-involvement in co-designing 
during the early stages of NPD? 
1.2. Aim and objectives of the research 
The overall aim of the research was to understand how design teams can involve users in co- 
designing, through the use of digital and traditional product representations in the early stages of 
NPD. 
The initial objective of the research was to critically review the literature relating to: 
" User involvement in NPD; 
" Product representations as communication tools in the design process; 
" Users' understanding of product representations. 
Following these reviews, the specific research objectives emerged: 
1. To explore how users relate to digital and computer-based physical product 
representations, typical of those used in the early stages of NPD. 
2. To understand design professionals' opinions and experiences of user involvement; 
product representations and their perceptions of co-designing. 
20 
3. To explore how current product representation technologies can facilitate co-designing 
processes, and make recommendations based on the needs of any future technology. 
4. To determine through exploratory studies, how co-designing can be facilitated through 
the use of product representations. 
S. To explore the value of co-designing in a commercial setting. 
6. To develop recommendations and guidelines to assist design teams in involving users, 
with emphasis on the optimum use of product representations. 
1.3. Scope of the work 
The field of involving users in the design phases of NPD could potentially be far-reaching, 
therefore it is necessary to state the scope of the work presented in this thesis. New products 
could refer not only to consumer products, but also systems, interfaces, or architecture, for 
example. For clarity, the research in this thesis is specifically concerned with the design of 
consumer products and fast moving consumer goods (FMCG), i. e. those products which are 
normally purchased and used for personal, family, or household purposes. However, just as the 
research in this thesis draws upon ideas from other realms of design besides product design, it is 
envisaged that likewise, readers of this thesis from other realms of design will also find the wider 
generic issues discussed relevant to their specific fields. 
1.4. Structure of the thesis 
Figure 1-1 shows how the research is structured in this thesis. The next three chapters present 
the reviews into the areas of user involvement in NPD; product representations as communication 
tools in NPD; and users' understanding of product representations. In Chapter 5, the emergent 
research objectives are stated and consideration is then given to the methodological approach to 
the research. Chapters 6,7 and 8 present scoping studies. These considered how users 
understand computer-based product representations; explored current thinking on user 
involvement by practicing design professionals; and audited computer-based product 
representation technologies. These studies generated early guidelines, and provided the rationale 
for the next stage of research. Practical co-designing studies are then reported in Chapters 9 and 
10, which led into the assimilation of guidelines and recommendations for user involvement 
through co-designing summarised in Chapter 11. Final conclusions and suggestions for further 
work are offered in Chapter 12. 
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22 
CHAPTER TWO 
User Involvement in 
New Product Development 
23 
2. User Involvement in New Product Development 
2.1. Introduction 
This chapter sets the scene for the research by presenting the main background area: user 
involvement in new product development (NPD). Firstly, an overview of NPD is provided, followed 
by a discussion on approaches and methods to facilitate user-involvement in the design phases. 
The review aims to determine gaps in the knowledge, and to indicate further research 
opportunities. 
2.2. New Product Development (NPD) 
Product development (PD) can be defined as "the set ofactivitres beginning with the perception 
of a market opportunity and ending in the product, sale and delivery of a product"(Ulrich and 
Eppinger 2000). Product development is a business, and its success depends on producing 
products which can be sold profitably (Hart 1996). Ulrich and Eppinger identify five dimensions 
on which the performance of product development can be assessed: 
Product quality - How good is the product? Does it satisfy user needs? 
Product cost - The manufacturing cost of the product. 
Development time - How quickly the team completes the product development effort. 
Development cost - How much the firm has to spend to develop the product. 
Development capability - Are the PD team and firm able to develop future products 
as a result of their experience with a product development project? 
First and foremost, a successful product must satisfy user needs. Ways to create products that 
achieve this are the focus of this research. Secondly, successful PD requires low product and 
development costs and shorter development times (Evans 1998). Product representation (PR) 
tools (e. g. sketches, computer visualisations, models and prototypes) allow clearer product 
interpretations during the development process. They have been shown to save time and costs 
in product development, by reducing the risk of costly iterations and by testing for early user 
acceptance (Ulrich and Eppinger 2000; Säde 1999). This research considers how costs and time 
in PD can be reduced through the optimal use of product representation technologies. 
Challenges for NPD 
NPD has witnessed changes in working practice in recent years, due largely to globalisation and 
computerisation (Chiu 2002). Furthermore, new information, communication and collaborative 
technologies, including the email and the Internet have changed the way people work, enhancing 
the ability to communicate and share information in real-time, using a variety of visual formats 
(Stump et al 2002). Additionally, there has been a move from sequential to concurrent working, 
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coupled with the need to reduce time to market and development costs. Furthermore, mass 
customisation has been identified as a competitive strategy by an Increasing number of 
companies, and relates to the ability to provide individually designed products and services 
through flexible processes in high volumes at reasonably low costs (Silveira et al 2001). Mass 
customisation has been enabled by new flexible manufacturing and Information technologies, and 
by the demand for product variety and customisation focused on individual customers (Kotler 
1989). This shows how customers need to be brought Into design early in the process, to 
customise products for their own use. 
For product-based companies therefore, improving the PD process will be more beneficial than 
any other business improvement, allowing them to attain higher revenue and significantly 
improving the productivity of PD activities (McGrath et al 1992). Consequently, there is an on- 
going requirement for new methods: including procedures, techniques, aids and tools for 
designing and developing new products which will reduce costs, shorten lead times, improve 
product quality and customer satisfaction, and allow for customisation. 
Design in NPD 
Industrial design is one part of the broader PD process and plays a critical role in determining a 
product's ultimate success. The design function is the process that enables new product 
development and integrates concept origination, ergonomic, psychological, market, engineering 
and production factors (Clarkson et al 2000). The positive role that design plays in improving the 
competitiveness of products and product developers has been identified (Gemser and Leenders, 
2001; Roy and Potter 1993; Roy and Riedel 1997). A summary of the history of industrial design, 
which can be traced back to western Europe in the early 1900s is summarised by Lorenz (1986). 
A present day definition of the activity, as proposed by the IDSA (2005) is that industrial design 
involves "creating and developing concepts and specrficabons, that optimise the function, value 
and appearance ofproducts and systems for the mutual benefit of both user and manufacture? ". 
Ulrich and Eppinger (2000) describe how industrial designers (from now on referred to as 
`designers) are particularly concerned with designing aspects of a product that relate to the user 
(aesthetics and ergonomics), and the more a product is looked at or used by people, the more it 
depends on good industrial design for its success. It is the design phase of NPD that this 
research is concerned with. 
Early stages of NPD 
A product development process is the sequence of activities which an enterprise employs to 
conceive, design and commercialise a product (Ulrich and Eppinger 2000). Organisations all 
employ slightly different PD processes, although all generally proceed in a sequential manner, 
such as that proposed by Ulrich and Eppinger (2000). The six-phase generic PD process begins 
with the initial creation of a wide set of product alternatives, followed by the subsequent 
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narrowing of alternatives and increasing specification of the product until it can be produced by 
the production system (Figure 2-1). 
v Concept System Level Testing and Production Planning development Design Detail Design Refinement Ramp-Up 
Area where this research 
is concerned with 
Consider " Investigate Generate Define part Reliability 
Evaluate early 
product feasibility of alternatve geometry testing. 
production 
platform and product product Choose L fe testing. output 
architecture concepts. aých, tectures. materials. Performance 
Assess new Develop Define major Assign testing. 
technologies industrial sub-systems tolerances Obtain 
design and interfaces. Complete egulatory 
concepts Refine industrial approvals. 
" Build and test industrial design control Implement 
experimental design documentation. design 
prototypes changes. 
Figure 2-1: A generic product development process 
(adapted from Ulrich and Eppinger 2000, p16) 
The work in this thesis is concerned with the concept development and embodiment phases, as 
indicated in Figure 2-1. Concept development is a term which encompasses the whole of the 
"front end" of the design process and includes identifying the target market (users) and 
competitors products, concept generation, evaluation and selection, building and testing 
prototypes, estimating manufacturing cost and assessing production feasibility (Dahan and 
Hauser 2002b). This phase is where the most important decisions about the emerging product 
are made, and where 75% of the total life-cycle cost is committed, and product quality is largely 
determined (Kleef et al 2005; Popovic 1999; Säde 1999). It has also been suggested that the 
early stages are potentially the most vibrant, dynamic and creative stages of the overall design 
process, but at present, they are the least understood (Macmillan et al 2001). It is here that 
designers from all disciplines need to interact to achieve optimal design solutions that eliminate or 
reduce the need for compromise of a design at a later, more critical stage. Consequently, 
methods which are intended to improve and predict performance in these phases and assist in 
decision making are vital in order to reduce lead times and improve design quality (Johansson 
2001). 
The embodiment stage of design, according to Baxter (1995) is different to concept design in 
terms of design activities, as it contains significantly more product testing and evaluation. It is the 
stage after the function of the product has been fully abstracted and considers product features 
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which deliver the function. The following stage is detail design, and is more specifically geared to 
materials and manufacturing processes, and as such is not covered by this research. 
Teamworking in NPD 
Skills to create a new product are now beyond that of an individual (unlike during the industrial 
revolution where products were created by individual craftspeople). Modem product 
development teams are multidisciplinary (Bonapace 2002; den Buurman 1997; Taylor et al 1999) 
and require contributions from all functions of an organisation, e. g. designers and engineers, 
manufacturing, marketing, researchers and specialists in human factors, product design, 
communication and interaction design. The user can now be considered as the latest team 
member. 
Traditionally, marketing has mediated the interaction between the PD organisation and its 
customers, and established user needs. Cooper et al (2000) still see user-involvement as being in 
the realm of marketers, and claim that closer collaboration between marketing as a functional 
requirement and as a link to the end user is essential to new product development. Nowadays, 
new approaches for creating successful products which meet user needs also put the emphasis 
on the design team gaining knowledge about the user firsthand, in addition to marketing. 
Methods which are empowering users and designers to communicate with each other are 
discussed in the following section. 
2.3. User involvement 
"User involvement" refers to involving users in the design process, and Is part of the wider field of 
knowledge called user-centred design. This section defines user-centred design (UCD), and 
explores its origins and approaches. This thesis Is concerned with a specific approach to UCD, 
called co-designing. This is discussed in more detail, and the research opportunities within this 
area are identified. 
2.3.1. User-centred design 
Black (2004) defines user-centred design as: 
Me central premise of user-centred design is that the best-designed products and 
services result from understanding the needs of the people who will use them. User 
centred designers engage actively with end-users to gather Insights that drive design 
from the earliest stages ofproduct and service development, right through the design 
process g 
Eason (1992) has described three forms of user-centred design, depending upon the "type" of 
design being developed, and the level of involvement by the user. In "generic" UCD, designers 
design for the user, with the user being a subject in user testing. This has been traditionally, 
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where users have been involved. More recently, "bespoke" UCD puts the user in the role of 
becoming a participant in the design process, for example in communicating their needs for 
products through techniques such as focus groups and observation. UCD has now become 
"customisable", which allows designs to be adapted by the user, who controls how the design will 
look, e. g. by co-designing (discussed further in Section 2.3.2). The underlying theme with UCD, 
is that users should be involved throughout the design process, not just at the very beginning, or 
at the end. An example of a UCD process is shown in Figure 2-2: each stage feeds back into 
checking that user needs are being addressed, rather than waiting until the end of the process, 
when it is costly to make design changes. 
ints User Needs Analysis Constra 
User Requirements User Goals User Tasks 
System Specification 
C Build Prototype 
Test Prototype 
Analyse Data 
Refine Design 
Evaluate Design 
Deliver Product Supper Product 
Figure 2-2: A user-centred design process 
(adapted from Stanton 1998, p8) 
In support of the fact that better products are produced by involving users, there are ethical, 
legislative and financial reasons why products and services should be designed where possible, 
for the widest range of ages, abilities and preferences (Coleman 2004; Keates and Clarkson 2004; 
Jordan 1999c). For example, the World Health Organisation estimates that by 2020, the world 
population of people aged 60 years or over will increase from 580 million in 1998 to 1000 million 
by 2020 (World Health Organisation 1998). This means that there will be more older users of 
products. Additionally, in the UK alone, there are 8.5 million adults in total, and 15% of adults of 
working age, who are classified as disabled under the definitions of the UK's 1995 Disability 
Discrimination Act (DDA 1995). Furthermore, capabilities of non-disabled people are constantly 
changing due to the impacts of disease, accident, tiredness, ageing, pregnancy, and are affected 
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by what people are doing - pushing a wheelchair or pram, carrying a child, or losing spectacles 
(Coleman 2004). To design for this wide range of ages and abilities requires an approach called 
`inclusive design'. 
Inclusive design, and its variants including `universal design'; `barrier-free design' (Clarkson et at 
2000); 'transgenerational design' (Pirkl 1993); and Design for All (Porter et at 2004)) is a general 
approach to designing In which designers ensure that their products and services address the 
needs of the widest possible audience, irrespective of age or ability (Design Council 2002). 
Inclusive design is a core design activity, and is not restricted to specialists as all designers can 
design inclusively if they are aware of the issues and can adapt to them. Inclusive design takes a 
holistic view of users by recognising that any disability is just one of the dimensions along which 
people can differ (Jordan 1999c). 
There have however, been negative reactions to the growing emphasis on user involvement 
being core to good design. There are those that believe asking users what they want and 
Involving them in the design process Is not always a good thing. The "need to get things done" 
coupled with constraints on finances may overshadow any benefit from user Involvement (Reich 
et al 1996). Ulwick (2002) for example, believes that asking users what they want Is useless, 
because they do not know what they want, and "cannot be trusted to come up with solutions". 
He also refers to "functional-fixedness" - the human tendency to fixate on the way products or 
services are normally used, making people unable to Imagine alternative functions. Occantelli 
and Magidson (1993) also Identify that consumers cannot consciously formulate their needs or 
know how to fulfil them. The fact that users may not be able to express their product needs, 
demonstrates the requirement for tools and methods to help them do this. Although 
organisations do not loudly proclaim that they do not advocate a user-centred approach (which 
would not look good to their customers) evidence of this has been reported In the literature (e. g. 
Gyl et al 2000; Reich et al 1996). Possible reasons for not wanting to involve users could be that 
designers believe that they can "pretend" to be the user, making use of themselves and 
colleagues as user representatives, rather than using a more representative sample of users, as 
reported by Demirbilek (2001) and Hasdogan (1996). Another possible reason, on which much 
has been written, is that designers do not consider users by using ergonomic data, because 
ergonomists do not present data In ways usable by designers (e. g. Gyl et al 2000; Hasdogan 
1996; Porter and Porter 1999; Macdonald 1998). Porter and Porter (1999) suggest that tools are 
needed for designers, which are accessible, understandable and encourage the use of ergonomics 
during the early stages of the design process. Further Investigation is needed to explore the 
attitudes of current practicing designers, to learn what barriers may be preventing them from 
involving users. 
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Standards and legislation 
Despite the overwhelming evidence of the commercial and social benefits that involving users in 
designing and adopting an inclusive approach can bring, there is surprisingly little industry 
awareness of these benefits (Clarkson et al 2000). There will soon be little excuse for this, with 
the introduction of enforceable legislation: 
" The 1995 Disability Discrimination act (DDA 1995), makes it unlawful to discriminate 
against disabled people in employment, and in the provision of goods, facilities and 
lettings of premises, whether charged for, or free of charge. It is applicable to public 
authorities, charities, professional bodies, private agencies and individuals, and employers 
of more than 15 people. From 1999, service providers have been required to make 
reasonable adjustments for disabled people by changing policies and practices and the 
way service is provided. From 2004, service providers will be required to make 
adjustments to their premises and remove physical barriers. There will also be the 
requirement for information to be available in an accessible form, including that available 
on the Internet. 
" There have been further government programmes such as the UK Department of Trade 
and Industry's EQUAL (Extend Quality of Life) initiative (Clarkson et at 2000), and BS 
7000-6 Guidance for Inclusive Design Management is currently being drafted and is due 
for publication in late 2004 (BSi 2005). 
A new standard for product usability, "ISO 20282 Ease of operation of everyday products" is 
being developed. Once finalised, it will be tested as a technical specification for three years 
before being finalised. ISO 20282-2 specifies a test method for measuring the extent to which an 
everyday product Is effective-to-operate, efficient-to-operate and satisfying to operate (Black 
2004). ISO 20282-1 explains how to identify the aspects of the context of use that should be 
taken into account in the design and evaluation of everyday products (ISO 2005). Additionally, 
there are various sets of guidelines and checklists, which aim to guide designers In producing 
products suitable for ageing users e. g. Etchell (1999) - guidelines for domestic appliance design; 
Freudenthal (1999) - guidelines for designing transgenerational products; Haigh (1993) - 
designing for older users; Meyer et al (1998) - guidelines for age inclusive design. 
The origins of user-centred design 
User involvement in design originated from the fields of ergonomics and human factors. 
Ergonomics (or human factors as it is more commonly referred to in the USA) can be simply 
defined as ensuring a good fit between people, the things they do, the objects they use and the 
environments in which they work, travel or play (Davis 2004). Ergonomics originated from the 
area of workplace design, which can be traced back to the First World War, where machines in 
munitions factories operated by men had production problems when operated by women. A 
pioneer of ergonomics, Alphonse Chapanis (1917-2002) made countless contributions to the field, 
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including improving the safety of aircraft cockpits; the design of the standard telephone 
touchpad; teleconferencing; safety labels and human-computer interaction (Chapanis 1999). In 
recent years, the subject has expanded to cover any type of human interaction with technological 
artefacts, including consumer products. 
Approaches to user-centred design 
Human factors has traditionally approached fitting the product to the person by focussing upon 
the concept of usability i. e. ensuring that the product is easy to use. The International Standards 
Organisation (ISO 2005) defines usability as "... the effectiveness, efficiency and satisfaction with 
which specified users achieve specified roles in particular environments" (ISO DIS 924 1-11). 
Effectiveness refers to the extent to which a goal, or task is achieved, efficiency refers to the 
amount of effort required to accomplish a goal, and satisfaction refers to the level of comfort that 
the user feels when using the product, and how acceptable the product is to users as a means of 
achieving their goals. Drawing upon this definition, Jordan (1999a p 207) proposes that a 
usability-based approach to user-centred design is "one which sees the product as a tool with 
which users try to accomplish particular tasks without wanting to have to expend unnecessary 
effort or endure any physical and mental discomfoir. 
Although usability is an Important Issue, It is only one of the Issues to affect the relationship 
between a person and a product. It has been argued that human factors should look beyond 
usability by taking a more emotional, pleasure-based approach to user-centred design (Bonapace 
1999,2002; Jordan 1999a; Sanders and Dandavate 1999). Usability approaches can 
(unintentionally) lead to the dehumanisation of the user by simplifying them to merely cognitive 
and physical processes. New schools of thought now advocate emotional responses and 
pleasure, as well as usability in product design. Products are seen not merely as tools but living 
objects with which people have relationships. An object can give its user pleasure, not only In 
terms of ergonomic "fit" but through its aesthetic qualities (Macdonald 1998), and products, like 
people, have personalities which can make people happy, angry, proud, ashamed, and they can 
empower, infuriate and delight. 
Jordan (1999a) has taken Maslow's'hierarchy of needs' (Maslow 1987) and adapted it so it is 
applicable to human factors (Figure 2-3). In Maslow's model, the human is viewed as a'wanting 
animal' who rarely reaches a state of complete satisfaction. If a nirvana is reached, this state is 
only temporary because once one desire has been filled, another will soon surface to take its 
place. As soon as the needs lower down (e. g. physiological, safety) have been fulfilled, people 
will want to fulfil the needs higher up (self actualisation). 
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Pleasure - People will want more than just usable products. This requires an 
understanding of people as rational and emotional human beings with values, 
tastes, hopes and fears. 
Usability - Appropriate functionality Is the pre-requlsite for usability. 
To ensure usability, requires an understanding of the principles of 
usable design. 
Functionality - This requires an understanding of what the product 
will be used for and the context and environment in which It will be 
used. 
Figure 2-3: Jordan's Hierachy of needs 
(adapted from Jordan 1999a p209-210) 
New methods have emerged to gauge users' perceptions of pleasure, and how they can be 
introduced into new products. An added pressure is to communicate the data in ways that will 
inspire the design team. One example is SEQUAM - Sensorial Quality Assessment (Bonapace 
1999,2002; Jordan 1999b). This technique analyses the link between the physical properties of 
a product and users' responses to tactile, functional, prehensile, thermal and acoustic contact 
with the product. Users are presented with models of product components which have been 
mocked up in a variety of tactile materials and finishes (e. g. car door handles) and asked to 
comment on their sensorial properties. Another example is Kansel Engineering, a Japanese 
empirical technique (Nagamachl 2002, Jordan 1999b), which investigates the link of the broader 
design characteristics of a product and user responses to that product. 
One of the latest shifts in thinking concerning user-centred design, is to now consider the design 
of the 'experience' of the product (or brand). Experience design is driven by consideration of the 
`moments' of engagement between people and brands, and the memories these moments create. 
Such an approach seeks to create value In these interactions with the aim of creating positive 
memories (Ardill 2004). Taking an experience design approach forces organisations to see the 
world through the experiences of their customers, which should enable them to create more 
compelling propositions. The'designing for experiencing' approach Is heavily advocated by 
Sanders and Dandavate (1999), who believe that if designers can learn to access people's 
experiences (past, current and future), then user experience can become the source of inspiration 
and ideation for design. They recommend designers use a converging perspectives approach of 
"say'; "do", "make" to understand and empathise with the people who use the products: 
" Say - listening to what people say and what they think. This produces explicit knowledge, 
i. e. what users can express in words. 
" Do- watching what people do, observing what people use. This produces observable 
knowledge, I. e. what people can be observed doing. 
" Make - watching what people make. This produces tacit knowledge, i. e. knowledge that 
cannot be expressed In words 
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2.3.2. Participatory design / Co-design / Collaborative design 
Another way to practice user-centred design is to not only design for users, but to design with 
users (Macdonald 1998), in an approach known as co-designing, or participatory design. 
Participatory design terminology Is confusing (as also pointed out by Olsson 2004). In the 
literature, the terms participatory design, co-designing, co-operative design, collaborative design 
are used Interchangeably, and no formal definitions which differentiate each term can be found. 
As a further Indication of the broadness of the term, Scrivener et al (2000a) in framing the 
CoDesigning 2000 conference Intended: 
"the 'co'/n CoDesign to convey multiple meanings, Including collaborative, operative, 
concufmnt user-centred, participatory, socio-technical and community design. In other 
words, any development where design as a group process is explored 
Definition of co-designing in this thesis 
For clarity, the term "co-designing" is preferred in this thesis; it can be used interchangeably with 
; aariicipýatnydesignp Much published work on collaborative and co-design is in the context of 
facilitating design teams to work together in different locations, by means of computer-support. 
This area is often referred to as Computer-Supported Collaborative Work (CSCW). "Co-designing" 
In this thesis however, is used in the context of designers involving users in designing. 
Background to co-designing 
Co-designing originated from the field of human-computer interaction. A search in the literature 
for `participatory design' or 'co-designing' more often that not brings up a mass of information 
related to IT, human-computer interaction and computer-mediated communication in the 
workplace. Black (2004) claims that most examples of good user-centred design come from 
software and web development programs because user-centred practice has been reported more 
formally here, often as a consequence justifying budgets in large organisations. 
Co-designing originates from Scandinavia and was developed in response to the growing 
complexity of technological development, and its social implications during the late 1970s. This 
period was underlined by the'workplace democracy movement' (Muller and Kuhn 1993) and was 
led by influential labour unions who suggested that good ideas could potentially arrive from the 
employees if they were given the opportunity to interact with, or were consulted by technology 
designers. The assertion that the workers should be involved or consulted in the development of 
a technology which will be primarily used by them, provided a foundation for the concept of 
participatory design. Co-design has also been employed in other areas such as urban planning to 
consult local community residents on issues related to development issues and in architectural 
projects where groups of buyers are able to consult with the developer on the specification of 
their project (l(Ing 1989). In conventional product design, the designers and consumers of a 
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given product are often separated by time, place or social group (Crilly 2004), but co-designing 
can remove these barriers, and bring designers and users together. 
Examples of co-design 
There are limited examples in the literature of co-designing being applied to consumer products 
in commercial contexts, possibly because the roots of co-design lie in IT and human computer 
interaction, so many examples are IT and interface related. Another reason could be that co- 
designing is not yet widely practiced in commercial product design, or if it is, organisations are 
not publicising this. Most of the examples reported here were conducted in an academic domain. 
Demirbilek and Demirkan (2000,2004) proposed a participatory design model to be used In 
designing and developing safe and functionally appropriate products to promote Independent 
living for the elderly (depicted In Figure 2-4). The concept design stage was tested through a 
case-study. 
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Figure 2-4: The Phases of the Usability, Safety, Attractiveness, Participatory (USAP) design model and the 
USAP deployment matrix (reproduced from Demirbilek and Demirkan 2004, p 362 and 363) 
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Small groups of elderly users (3-6 participants, with an average age of 75) participated in two 
sessions to design doors and door handles for the house they would want to age in. In both 
sessions, the designer was an impartial moderator. Firstly, participants were immersed in the 
product area through scenario building (see Table 2-3) and interviews. Ideas were elicited from 
the participants for doors and door handles in written, oral, sketch and gesture format. Following 
the session, the designer analysed the problem by creating deployment matrices, which mapped 
relationships between participants' requirements and the technical design considerations for the 
doors (Figure 2-4). The authors called this stage a "non-participatory session", since only the 
designer was involved. 
In the second session, the designer presented the conceptual drawings created from the output 
of the first session, which had been interpreted by the designer. "Imperfect' hand and computer 
sketches were used, to prevent participants thinking that the concepts were finished and could 
not be changed. Participants were invited to criticise, make comments and redraw the handles 
over the top of the existing drawings (as in package-constrained sketches, described in Section 
3.4.1). Following the session, the concepts were refined into technical and detailed drawings of 
the products, requiring the designer's existing knowledge and consultation with ergonomists and 
engineers. 
Reflection upon Demirbilek's and Demirkan's participatory model and case study, raises some 
important points: 
Firstly, it Is Interesting to note that the prototyping element of the process did not occur 
until late In the design process, i. e. the prototype construction stage, but with a product 
whose main function is to be handled (a door handle), It could be argued that a more 
appropriate method of developing ideas would be to allow participants to make a 3D 
model of their proposed door handle early on, for example from clay (as in Dolan et al 
1995, discussed next). 
" Secondly, the participatory sessions were conducted with small groups of participants. It 
would be interesting to learn if a similar outcome is gained by working with individual 
users, or if it is the Interaction between participants that produces a different outcome. 
For example, to develop the matrices for the users' requirements, the users' design 
requirements were rated on a 5-point scale according to the number of participants having 
the same opinion. As the opinions were derived from a focus group discussion, It Is 
possible that a particularly vocal participant could have influenced other less confident 
participants, leading to an unrepresentative rating of requirements (Bruseberg and 
McDonagh 2003). 
Dolan et al (1995) conducted a study into the participatory design of telephone handsets of the 
future. Users were photographed holding handsets to assess gripping styles, then six 
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conventionally designed handsets and six progressively designed handsets were ranked according 
to several ergonomic and emotional attributes. The hand set designs were then critiqued 
according to personal preference, and users built day models of their ideal handset. Based on all 
of the input, designers and ergonomists developed six new concepts and obtained feedback on 
them from 30 focus groups. This is one of the few studies found, where users made a physical 
model of their design. There was no indication however, of how the designer and ergonomist 
interpreted the models, or how dose the final design concepts matched the clay models that the 
users made. As the final design concepts were a combination of focus group feedback and 
evaluations of existing handsets, it is difficult to determine how much the clay models actually 
contributed to the final design. 
In a system design exercise, Pedersen and Buur (2000) used metaphors to allow participants in 
the design process to improvise social interaction and design collaboration. People associate and 
feel pleasure in products through their metaphoric associations (Kälviäinen and Pontecorvo 2000). 
A workshop using game and movie metaphors was conducted, which aimed to engage the 
creativity of users in the design of a new waste water treatment process. The approach was to 
develop a board game, to help users develop a common design language. The users filmed 
themselves acting out scenarios of their chosen solutions in use. Using a board game metaphor 
would seem to have most relevance for designing a process, rather than a specific physical 
product. Movie-making was reported to allow the user to demonstrate how they may use a 
product of the future, and made them feel responsible by recording the idea on film. The movie 
making metaphor could be used in conjunction with other methods, for example, where groups of 
users work together to develop a product concept. 
During a concept evaluation phase of a study investigating how user involvement through focus 
groups can inform the design process, 74 participants drew their ideal domestic mainstream 
consumer products, e. g. toasters, kettles, coffee makers (Bruseberg and McDonagh-Philp 2001). 
Participants were permitted only five minutes to draw their designs. The participants were 
reported to have felt unprepared for the drawing task and were concerned about the lack of time 
and their drawing skills. Despite this, the designer participating in the project thought that the 
drawings were a valuable source of information. It was suggested by the authors that the 
activity could have been extended using tools such as modelling clay to create three-dimensional 
forms. 
Stone et at (2001) report upon an industry and academia collaborative project whereby teams of 
American design students conducted co-designing studies to improve brand Identity effectiveness 
of four home care product lines produced by Procter and Gamble. Researchers observed 
participants' normal laundry routines In their homes, then questioned them to learn more about 
how they felt about the brand and product. Participants then completed 'laundry journals', and 
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took photographs to document their experiences. In a subsequent meeting, the journals were 
reviewed, and participants made a collage to express their feelings about the brand, and a model 
of their ideal packaging: 
" The collage boards consisted of a series of pictures and words, to which participants 
assigned meaning, to express their opinions about the brand. In critique of this method, 
providing users with the images could restrict their freedom to express how they really 
feel about a brand or product, as they can only assign meaning to pre-selected images. 
Possibly, none of the images allow the user to communicate their feelings about a brand 
or product, therefore asking users to describe in their own terms how they feel about a 
brand or product could be another option. 
" The package design kit included a blank box, coloured paper, current elements from the 
packaging and new elements derived from the product website (although we are not told 
what these are). Participants re-designed their ideal detergent box for the brand by 
considering issues such as graphic placement, instructions, storage, handling, dispensing 
and reusing, and explained their choices. 
The study concluded with recommendations for the future branding and packaging of the 
product, and two concepts were produced in response to the findings. The concepts were 
presented as sketches and computer-generated visuals. No visual evidence of the packages 
made by the participants was presented, and it was unclear how the packages were analysed. 
No mention was made of these concepts being presented back to the original users for further 
evaluation, therefore it is assumed that this was not done. 
This study concerned the redesign of a 'brand' of washing detergent, rather than the generic 
product, which would have been washing detergent packaging. Designing the 'brand' relates 
more to the `experience' of the product, as discussed In Section 2.2.2. The notion that users can 
co-design a brand Is interesting, as Spenser and Wells (2002) argue that there Is a problem with 
asking users to be involved in designing brands, because consumers' understanding of brands Is 
inevitably rooted in the past, and brands are rich with meaning. As people make sense of new 
things in light of their experience, therefore any reactions to new products are filtered through 
previous experience. Spenser and Wells refer to this as'templating, where consumers work to fit 
new thoughts about a brand Into a familiar pattern. Templating', they claim, "means that it is 
considerably harder for qualitative research to deal with innovative ideas based around large, 
long established, familiar brands, than with 'blue sky'NPD where ideas are developed without any 
brand baggage to act as a template against which to fit the new thoughts': 
Interestingly, it was found from examining these co-designing examples, that the designing 
activity itself was often part of a wider activity, that involved immersing the user in the product 
area before designing began. Demirbilek and Demirkan (2004) used scenario building techniques 
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and interviews; Pedersen and Buur (2000) used movie-making (or self-filming); Bruseberg and 
McDonagh-Philp (2001) used co-designing in a focus group; and Stone et al (2001) used user 
journals, self photographing, collage boards and discussions. This would imply that co-designing 
requires `warm-up' activities, which can be seen to have two benefits: 
" they immerse the user into the product area, and make them think more deeply and 
carefully about their needs and experiences; 
" they aid the design team, by providing background information and provide another 
means of eliciting user needs other than through the co-designed artefact. 
The next section explores tools and methods for user involvement, with the aim of establishing 
which ones will be useful in this research. Traditional methods (such as those originating from 
the ergonomics arena), and more modern methods are reviewed. 
2.4. Tools and methods for user involvement 
It has already been identified that tools and methods are required to facilitate user involvement, 
and there have been attempts to provide guidance in making informed judgements on selecting 
the most appropriate methods. Stanton and Young (1998a and b) and Stanton and Baber (1996) 
narrowed down the selection of methods to the stage of the design process; the form that the 
product takes; access to end users; and pressures of time (and other resources). A further 
selection criterion, identified by the author could be the degree of participation required by the 
user. This section presents an overview of traditional user involvement methods, and then 
discusses methods which can facilitate co-designing. 
Traditional user research methods 
Methods to facilitate user involvement have traditionally come from the ergonomics arena. 
Stanton and Young (1998a and b) identify that there has been a growth in the number of texts in 
recent years which describe ergonomics methods: In a review of ergonomics methods, over sixty 
methods were identified (Stanton and Young 1998b). It was suggested that this rise was a 
response to the requirement for more inventive approaches for assessing user needs, as user- 
centred design was taken seriously. Some of the most popular user involvement/ergonomic 
methods, with sources for further reading are summarised in Table 2-1. 
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Table 2-1: Summary of common user Involvement / ergonomics methods 
Method Description References 
Checklists To define operations of a product or system and identify users' Vianen et al 
needs. If designed properly they can provide information (1996); 
about the user profile. Checklists can be long or short and Popovic (1999) 
used in conjunction with observation or task analysis. 
Focus group To identify user Issues and their importance. Different Langford and 
techniques can be used within focus groups, centred around McDonagh (2003) 
group discussions. 
Interviewing To identify users' needs. Interviews may be structured, semi Popovic (1999); 
users structured, or structured. Kirwan and 
Ainsworth (1992) 
Observation To define dynamics of the artefact / system / environment. Gilmore (2002); 
techniques They can provide Insights Into problems users experience with Baber and 
(Ethnography) products or systems. Stanton (1996) 
Protocol analysis Asking users to think aloud as they do something allows Ericcson and 
designers to evaluate a design, users' expertise levels and Simon (1993) 
understand users' concepts of products. Data is unstructured 
and rich. 
Task analysis To define and evaluate operational procedures of human / Popovic (1999) 
product / system. Its most common form of representations 
are diagrams and charts. Can be complemented by protocol 
analysis. 
Heuristics The analyst uses their judgement, intuition and experience to Nielsen (1992) 
guide them on product evaluation. The output is subjective 
and variable, but is easy and quick to implement. 
Questionnaires Questionnaires can quickly elicit user requirements, but Stanton and 
response rates can be low, and questions must be Young (1998a) 
appropriately phrased. 
The problem with these methods however, is that they concern evaluating existing products from 
a task point of view, rather than providing Inspiration for new products, and do not Involve users 
throughout the design process. User input is ideally required iteratively In the PD process, from 
elicitation of user needs to evaluation of early concepts, and then prototypes (Dahan and Hauser 
2002a) but traditionally, users have not been used to their full potential, only being involved at 
the end of the PD process. Kieef et al (2005) suggest that one reason for the relatively low rates 
of new product success are because large amounts of consumer research consist of focus groups, 
surveys, and demographic data. This format of information can be inappropriate for Inspiring 
designers, as discussed In Section 2.2.1. These methods also tend to elicit information about 
what users do not want, rather than offer insights on what they really need (Ciccantelli and 
Magidson 1993). 
39 
Co-designing tools and methods 
After reviewing the area of more modern user involvement methods, it was apparent that 
methods could fit into one of three categories, which are differentiated by the degree to which 
users inspire a design or participate in creating a design (Table 2-2): 
Table 2-2: User Involvement methods 
User involvement method 
1 Methods to find out about the user - their dreams, feelings and 
aspirations and attempt to get into the user psyche, but do not actually 
produce any tangible product designs, only abstract representations. 
2 Methods which can help users to become immersed in a design area or 
problem 
3 Methods which allow the user to actually produce a tangible design. 
Olsson (2004) also observed a variation in how users are involved in designing, distinguishing 
between users as designers, to users not being involved at all, and only "thought-about" (Figure 
2-5). 
Users as co- 
operation partners Users as informants 
Users as subjects 
users as user 
co-designers participation 
users as user 
designers collaboration 
continuous 
user contact 
continuous 
user access 
Figure 2-5: Degrees of user involvement 
(reproduced from from Olsson 1994) 
designers thinking 
about users., 
users represented 
through personas 
Due to the volume of methods available, it is useful to consider them in a logical manner. The 
international design consultancy IDEO recently published a set of methods cards, which are 
essentially, brief summaries of 51 different ways of involving users to "inspire design" (IDEO 
2004; Brown 2004). The methods are not proprietary and have been adapted from established 
human and social research methods. The methods are grouped under 4 different topics - 
"Learn", "Look", "Ask", "Try". In conjunction with Sanders' and Dandavate's (1999) "say", "do", 
"make" classification, it is proposed that a useful framework for considering co-designing tools 
and methods is: 
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" Learn - methods to help designers learn about users. 
" Look I Do - methods to help designers watch what users do. 
" Ask / Say - methods to help designers ask users what they want / do not want. 
" Try / Make - methods to help designers to encourage users to make what they want. 
The summary of methods presented here builds upon IDEO's classification by providing sources 
of further reading. Methods from the IDEO cards, and others found through searching the 
literature are summarised in Table 2-3, with references to further reading. Similar methods are 
described together. 
Table 2-3: Summary of co-designing tools and methods 
LEARN - methods to help designers learn about users 
Method Description Reading 
Secondary Review published articles, papers and other pertinent Hart (1998) 
Research; documents to develop an informed point of view on the design 
Historical issues. This can ground observations and develop a point of 
Analysis; view on the state of the art. 
Affinity Cluster design elements according to intuitive relationships SixSigma (2005) 
Diagrams such as similarity, dependence, proximity etc. This is a useful 
way to identify connections between issues and reveal 
innovation opportunities. 
Anthropometric Use human population measurement data to check the Roebuck (1995) 
Analysis coverage and suitability of the design solution for the target 
user group. This helps to identify a representative group of 
people for testing design concepts and evaluating the general 
usability of product details. 
Character Based on observations of real people, develop character Grudin and Pruitt 
Profiles profiles to represent archetypes and the details of their (2002) 
behaviour or lifestyles. This can bring a typical customer to 
life. 
Competitive Collect, compare and conduct evaluations of the product's Codling (1998) 
Product Survey competition. This is a useful way to establish functional 
requirements, performance, standards and other benchmarks. 
Cognitive Task Ust and summarise all of a user's sensory inputs, decision Annett (2000) 
Analysis points and actions. This is good for understanding users' 
perceptual, attention, and information needs and to identify 
bottlenecks where problems may occur. 
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LOOK / DO - methods to help designers watch what users do 
Method Description Reading 
Shadowing; "Tag along" with people to observe and understand their day- For a 
Guided Tours; to-day routines and interactions. This can reveal design comprehensive 
A Day in the We opportunities. text which refers 
to various 
Rapid Spend as much time as you can with people relevant to the ethnographic 
Ethnography; design topic. Participate in their natural habitat and witness methods, refer to 
Fly on the Wall specific activities. This can achieve a firsthand deep Kuniavsky (2003) 
understanding of habits, rituals and natural language. 
Time-lapse Set up a time-lapse camera to record movements in a space 
Video over an extended period of time. This can provide an 
objective longitudinal view of activity within a context. 
Still-Photo Follow a planned shooting script and capture pictures of 
Survey specific objects, activities, etc. The team can use this visual 
evidence to uncover patterns of behaviour and perceptions 
related to a particular product 
Behavioural Look for the evidence of people's activities inherent in the 
Archaeology; wear patterns, placement and organisation of things. This 
Behavioural reveals how artefacts and environments figure in people's 
Mapping lives. 
ASK / SAY - methods to help designers ask users what they want / do not want 
Method Description Further Reading 
Narration Participants describe aloud what they are thinking as they Kuniavsky (2003) 
perform a particular task. This can uncover users' motivations, 
concerns and perceptions. 
Collage Participants build a collage from a provided collection of images Stone et al (2001) 
and explain the significance of the images and arrangements 
they choose. This helps participants verbalise complex or 
Imagined themes. 
Camera Potential users keep a written and visual diary of their Gaver et al 
Journal impressions, activities and circumstances related to the product. (1999) 
This is useful for prompting users to reveal patterns of 
behaviour. 
Cultural Probes Assemble a camera journal kit (camera, film, notebook, Gaver et al 
Instructions) and distribute it to customers within one or across (1999) 
different cultures. This can collect information across cultures. Mattelmaid and 
Batterbee (2002) 
Surveys and Ask a series of targeted questions in order to ascertain Cohen et al 
Questionnaires particular characteristics and perceptions of users. This is a (2000) 
quick way to elicit opinions from a large number of people. 
Cognitive Maps Ask participants to map an existing or virtual space and show Kitchin (2000) 
how they navigate it This Is a useful way to discover the 
significant elements, pathways and spatial behaviour associated 
with a real or virtual environment. 
Story-telling Ask users to describe their experience with a product or system Gilmore (2002); 
as a story. Share these stories about the experiences of real Erikson (1996) 
users with the design team, to gain insights into users' 
problems. 
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TRY / MAKE - methods to help designers to encourage users to make what they want. 
Method Description Further 
Reading 
Scenarios; Illustrate a character-rich storyline, or show users a series of Vermeeren 
Scenario cards describing the context of use of a product or service. This (1999); 
Testing; helps to communicate and test the essence of a design Idea Säde (1999) 
within its context of use. Useful for service design. 
Paper Rapidly sketch and evaluate interaction design concepts for basic Snyder (2003) 
Prototyping usability. This is a good way to quickly organise, articulate and 
visualise interaction design concepts. 
Empathy tools Use tools such as clouded glasses and weighted gloves to Poulson (1996) 
experience processes as though the designer has the abilities of 
a different user. This helps to promote an empathic 
understanding of uses with disabilities. 
Draw the Participants visualise an experience through drawings and See Section 2.6.1 
experience diagrams, which can be a good way to reveal how people order on sketching 
their experiences. 
Experience Quickly prototype a concept using available materials and use it Buchenau and 
Prototype; in order to simulate the experience of using the product. This Is Fulton-Surf 
Quick and useful for valuating ideas. (2000) 
Dirty 
Prototyping 
Role playing; Identify the stakeholders involved in the design problem and Simsarian (2003) 
Bodystorming assign those roles to members of the team. Act out roles with 
or without props. This can trigger empathy for actual users. 
These methods are ideal for using In combination with each other. For example, Sanders (2000) 
has developed "toolkits" which can be used with different combinations of methods: 
. "emotional toolkits" - include the making of collages and diaries that show and tell 
stories and dreams. 
"cognitive toolkits" - include mappings, 3D models of functionality, diagrams of 
relationships, flowcharts of a process and cognitive models. 
For the type of co-designing which makes use of product representations, and is the focus of this 
thesis, the methods in the Try/Make category have the most potential for engaging users, e. g. 
drawing and quick and dirty prototyping. The other methods, although useful, do not directly 
produce tangible design outputs. Drawing upon the examples from the literature, it is suggested 
that method such as user diaries, interviews, observation, self-photographing and questionnaires 
will be useful for immersing user in the product area prior to beginning co-designing activity. 
2.5. Reflection on user involvement in NPD 
From reviewing tools and methods for co-designing, it is apparent that what appears to be 
lacking are 'making' methods which allow users to communicate ideas in tangible 3D forms, which 
can be efficiently integrated further into product development in time and saving ways. Most 
noticeably, none of the co-designing studies used digital, or computer-based product 
representations. It is suggested therefore, that digital product representation technologies could 
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potentially play an important role and provide a means for users to communicate ideas in co- 
designing. Furthermore, Macdonald (1998) has identified how the biggest problem with co- 
designing is finding a communal space to undertake it, whether in a design studio, or the users' 
environment. He suggests that software is a possible solution to this. Further investigation into 
the nature of product representations, and their potential for co-designing is needed. Chapter 3 
addresses this. 
2.6. Conclusions 
From a review of the literature on the subject of user involvement In NPD, the following 
conclusions are drawn: 
" Product Development is a multidisciplinary team business, whose success depends on 
producing products which fulfil users' needs; can be sold profitably; have low 
development costs and shorter development times. It is suggested that product 
representations can save time and costs in PD by gaining early buy-in to the design thus 
reducing the need for costly iterations. 
" PD is changing due to globalisation; computerisation; communication and collaboration 
technologies; a move from sequential to concurrent working; and mass customisation, 
which Is bringing users Into the design process to customise their own products. 
" The research in this thesis is concerned with the design phases of PD: specifically the 
concept development and embodiment stages. It Is these stages which can most reduce 
lead times, and improve product quality, and hold opportunities for Involving users In 
designing. 
User involvement in design refers to involving users in the design process and is part of 
the wider field of knowledge known as user-centred design. It originated from the 
scientific fields of ergonomics and human factors, when a product's usability was 
considered the most important thing. In recent years this concern has switched to 
pleasure, emotion and experience as being essential features of a product. There are 
differing types of user-centred design, depending upon the degree of involvement by the 
user. There are ethical, legislative and financial reasons why products should be 
designed for the widest possible range of users (e. g. an ageing and disabled population). 
An inclusive design approach can facilitate this. 
" There is some opposition to user involvement, for example, based on the perceived time 
and costs involved, and the idea that users do not know what they want, or are not 
capable of expressing their needs. Designers can also think that they are the user. A 
possible reason for designers not involving users is that the information gained from 
users is not always presented in relevant and usable formats. More information is 
required from designers to understand their reasons for advocating non-user 
involvement. 
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" Co-designing (or participatory design) is a type of user-centred design in which 
designers not only design forusers, but with users. The terminology surrounding the 
area is confusing, and the term `co-designing' is used in this thesis. Co-design has its 
roots in IT Interaction. There are few commercially-reported examples of co-design 
being employed in the design of consumer products, indicating that research into the 
commercial applications of co-designing would be valuable. 
" None of the examples of co-designing found used computer-based product 
representations, Indicating that there is a need for research in this area. All of the 
examples found used various tools and methods to immerse users into the product area 
before beginning designing, providing evidence that this approach Is successful. 
" Tools and methods for using in co-designing were reviewed and summarised in tabular 
form, with references for further reading. Traditional user research methods originated 
in the ergonomics arena, but the outcomes provided from these methods are not 
always easily usable by designers, or directly usable further in the design process in an 
efficient and time-saving way, e. g. by allowing users to communicate design Ideas in a 
tangible 3D form. 
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CHAPTER THREE 
Product Representations as 
Communication Tools in the 
Design Process 
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3. Product Representations as Communication Tools in the 
Design Process 
3.1. Introduction 
Chapter 2 provided the background to user involvement through co-designing in NPD, and 
showed how involving users through co-designing requires the use of product representations. 
These allow users to communicate their needs and ideas to design teams, and vice versa. This 
chapter presents a general review of product representations, both traditional and computer- 
based, as communication tools in the design process. 
3.2. Communication in co-designing 
Generally, consumers do not have access to the designers of the products they use, thus the 
consumers' interpretation of the design is based predominantly on their interaction with the 
product (Norman 1988). However, in co-designing, users communicate their design ideas and 
needs to designers through 2D and 3D product representations, while designers communicate 
design ideas back to users through the use of drawings and 3D models and prototypes. In other 
words, the product design itself becomes the central medium of communication (Kälviäinen and 
Pontecorvo 2000; Säde 1999). The Importance of mediating objects and representations to 
facilitate dialogue and enrich communication with users, and other members of the design team 
has also been discussed by Buurman (1997); Urban and Hauser (1993); Säderman (1998); Ulrich 
and Eppinger (2000); Saddler (2001); Johansson (2001); Perry and Sanderson (1998); Rooden 
(1999); and Engelbrektsson (2002). 
Verbal communication 
Although designing is intuitive and generally non-verbal in nature, verbal communication has a 
role in co-designing. Saddler (2001) identifies how conversations are the most common way of 
representing design ideas. Furthermore, Scrivener and Clark (1994) suggest that sketching can 
support creative verbal discussions among members of the design team. They acknowledge that 
drawings are usually accompanied by verbalisations, which supports the idea that sketching can 
only partially represent Ideas in the mind. Communication can be enhanced through verbal 
Interaction: users can explain their Ideas to designers, and designers can question users about 
their Ideas and importantly, find out why features are important. Reed and Reid (2000) have 
suggested that speech; sketching and bodily gestures mutually interact to give shape to emerging 
Ideas In face-to-face design meetings. 
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3.2.1. Product properties 
In co-designing, where users communicate ideas and needs through product representations, It is 
proposed that breaking the product down into 'properties' or'attributes' can provide a framework 
for users to consider and discuss design ideas (beef et al 2002). A product can therefore be said 
to have 'properties' (Roozenburg and Ekels 1995). Crilly et al (2004) define the difference 
between what a product communicates about itself, i. e. it's function, and what it communicates 
about the identity of its owners. Therefore, two types of product properties: physical (tangible) 
and emotional (intangible) are differentiated. 
" Physical product properties - The exterior form or design of a product is an essential 
means of communicating information about the product to users. It creates initial 
impressions, and generates inferences regarding other product attributes (Bloch 1995). 
A product may be characterised by properties such as its geometry, dimensions, 
textures, materials, colours, graphics and detailing. Norman (1988) describes how the 
visual appearance of products may assist the user In assessing how products should be 
used. Physical product properties are decided by designers, who also decide their mix 
and the level of congruity that exists between them. 
Emotional product properties - Emotional product properties are users' subjective 
psychological responses to a product (Crilly et al 2004; Desmet 2003). For example, 
pleasure, or displeasure in use; annoyance; feelings of security and reliability; feelings of 
status in ownership; perceived quality; personality; novelty and attachment to a product 
can all be considered emotional properties. Jordan (1999a) speculates that the different 
types of pleasure that people can get from products needs to be linked to particular 
product properties, e. g. linking feelings of security to high levels of usability and/or high 
levels of reliability. Equally, feelings of displeasure may be linked to Inadequacies with 
particular product properties, e. g. annoyance may be linked to poor technical 
performance, and anxiety related to poor usability. Bloch (1995) describes how 
perceiving and using beautifully designed products may provide sensory pleasure and 
stimulation, whereas objects with unattractive forms may evoke distaste. 
3.3. Product representations 
Saddler (2001) defines a design representation as "a perceptible expression ofa design idea, 
proposal orfact'. Artefacts in design can also "allow the extemalisation and representation of 
objectives, constraints, form, function, assembly, materia/s, and so on" (Perry and Sanderson 
1998). Prototyping through product representations can take many forms and be carried out for 
many purposes (Jordan 1998). Product representations can range from a verbal or written 
description of the form and functionality of the product; simple 2D sketches to fully working 
prototypes, including computer-aided design (CAD) models; Virtual Reality (VR); physical models 
and mock-ups; rapid prototyped (RP) models; to finished products. Representations and 
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prototypes fulfil several functions in designing, for example, in testing components to verify fit 
and tolerances, reducing the risk of costly iterations and detecting unanticipated phenomena 
(Ulrich and Eppinger 2000), integrating the perspectives of the different functions in the product 
development team (Johansson 2000), and of course, testing for user acceptance (Säde 1999). 
Prototypes can be tested with design colleagues, staff, other stakeholders, and users. Two 
classifications of product representations are evident: traditional PRs, i. e. those which are created 
by hand and do not require the use of a computer; and digital PRs, which are created using 
digital means, i. e. through CAD. 
Completeness of product representations 
Product representations can be of high or low fidelity: 
Low fidelity models - are limited in some way; they may be visually rough or only 
represent certain features of the product (Säde 1999). The more unstructured and 
ambiguous a stimulus, the more consumers will reveal about their true emotions (Kleef 
et al 2005), and discuss general matters rather than detail. Hall (2001) also posits that 
good design information can be gained from low-cost, low-fidelity prototypes, such as 
foam and cardboard early in the design process, particularly for the user-centred design 
of new technology. In their participatory design sessions, Demirbilek and Demirkan 
(2004) chose to use imperfect and unfinished product representations with users, to 
avoid users thinking that they could not change the designs. 
High fidelity models - are finished and detailed and closely resemble the final product. 
Using concrete representations too early in product development have been criticised for 
killing creativity, concentrating on detail, and preventing "thinking out of the box", which 
can lead to fixation on existing products. Hall (2001) also questions whether the extra 
information to be gained from a high fidelity representation is in proportion with the 
extra resources needed to produce it. Interestingly, the assumption that more complete 
product representations invite discussions on detail, was questioned by Söderman 
(1998), who conversely found that a product representation with a low degree of 
completion stimulated participants to discuss details of the product, and a product 
representation with a high degree of completion was perceived as being `too complete' 
and therefore impossible to change. 
A general assumption amongst product developers is that the form and complexity of the product 
representation used should be closely related to the stage of product development (Kwahk and 
Han 2002, Baxter 1995). Hall (2001) recommends using the lowest level of fidelity deemed 
appropriate for the product being designed. 
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3.4. Traditional (non-digital) product representations 
3.4.1. Hand-drawn sketching 
Sketches and drawings are languages for handling design ideas, and the process of creating 
design ideas is usually envisaged as going on In the mind's eye and the drawings as attempts to 
reproduce the designers' mental Images (Tovey et al 2003). The primary reason for a designer to 
sketch, according to Fish and Scrivener (1990, p117) is "the need to foresee the results of the 
synthesis or man/pulation of objects without actually executing such operations". Sketching is 
usually used in the early stages of the design process, as the visual characteristics of a sketch 
allow it to support the kind of visual reasoning required In these stages. This has been discussed, 
for example, by Scrivener and Clark (1994); Bilda and Demirkan (2003); Tovey and Dekker 
(1996); Saddler (2001); Van der Lugt (2005). The use of sketching in other related domains such 
as architecture (e. g. Do et al 2000; Suwa and Tversky 1997) and automotive design (e. g. Tovey 
et al 2003) has also been debated. 
The most basic form of traditional product representation Is a hand-drawn sketch (Säde 1999). 
Tovey and Dekker (1996), In discussing sketching from an automotive styling standpoint believe 
that its function, is to get the design concept out of one head and Into another, and this remains 
the same regardless of the type of sketch, and even type of product representation. Saddler 
(2001) describes how the casual nature of sketches bespeaks the provisionality of the Ideas they 
represent, i. e. they represent early ideas that can be changed. 
Different types of drawing can be associated with different stages of the design process. The 
relatively unstructured and ambiguous sketch usually occurrs early in the process (Tovey et al 
2003). Hand-drawn sketches usually have a low resolution, and when used in the design process 
tend to evoke comments on details of a design. They are therefore used to elicit comments and 
structure discussions on the starting points of a design (Buurman 1997). By comparison, a higher 
resolution representation is considered more definitive. Ferguson (1992) identifies three kinds of 
sketches: 
" The thinking sketch - designers make use of the drawing surface in support of their 
individual thinking processes (also identified by Tovey et al 2003). Fish and Scrivener 
(1990) have identified that sketching can facilitate the transition from general descriptive 
knowledge into specific depiction. Descriptive symbol systems can represent whole 
classes of information and are abstract and categorical, e. g. the word 'chair' may 
represent different types of seat, but the word 'chair' does not contain any information 
about the qualities of the object, e. g. its colour, or form. Depiction symbol systems on 
the other hand carry all information about the represented objects, e. g. the picture of a 
rocking chair contains all the topological information of that object. The authors posit 
that this can assist the mind in translating descriptive information into depiction which 
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can be scanned by the mind to extract new descriptive information which in turn leads to 
new depiction. 
" The talking sketch - designers make use of a shared drawing surface in support of 
group discussion. Refer to Section 3.2 for a discussion of sketching and verbal 
communication. 
" The prescriptive sketch - Designers communicate design decisions to persons that 
are outside of the design process, e. g. presentation drawings or diagrams for clients. 
A type of sketch used early in the design process is a concept sketch. Concept sketches are 
defined as 'a collection of visual cues sufficient to suggest a design to an Informed observer" 
(Tovey and Dekker 1996). Concept sketches can be defined further: 
A `free theme sketch' - conveys the visual appearance of the design proposal, and 
the Informed observer should be able to understand the visual intention of the designer. 
There is no requirement for geometric accuracy. 
A `package-constrained sketch' or'underlay' - contains the ergonomic and 
operational dimensions and constraints, and is used to ensure the basic compliance of a 
design within these constraints. 'Underlays' are simple geometric representations of a 
design, and over which a new sketch can be drawn. Sketches based on packages tend 
to be more geometrically realistic than do'free theme sketches'. In the context of co- 
designing, this type of sketch could be a useful starting point for users to begin 
designing. It could take away the potential fear of making the first mark on the paper. 
3.4.2. Physical models 
Physical 3D models are tangible three-dimensional mock-ups of a product. They can be built of 
cardboard, foam, clay, wood, plastic or metal (Säde 1999). The development of physical 
prototypes is known to be time consuming and expensive (Ulrich and Eppinger 2000, Dahan and 
Hauser 2002a; We 1999), although some methods such as paper, card and foam can be 
produced quickly and cheaply. Baxter (1995) claims that prototyping, although a key aspect of 
product development, takes up a disproportionate amount of time relative to the value that it 
adds to the design, and even diverts efforts from other activities, which add more value to the 
design of a new product. He doesn't however, elaborate on what these other activities might be, 
and in what ways they add more value than prototyping. It is acknowledged that traditional 
methods are time-intensive, but new emerging methods, such as rapid prototyping are, as the 
name suggests, potentially quicker and time saving. 
Physical models play an important role in the design process: anticipation of future usage is 
enhanced by users' trialling prototypes of the intended product, as the real product is unavailable 
(Rooden 1999). Ulrich and Eppinger (2000) claim that a visual, tactile, three dimensional 
representation of a product is much easier to understand than a verbal description or a sketch of 
the product. It is presumed that they are referring to a full colour finished model here. Saddler 
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(2001) identifies that despite their power, prototypes are prone to misinterpretation, with the 
designer's need to present concepts "realistically" often creating the impression that the 
prototype is equivalent to the actual product. Users' understanding of product representations is 
discussed in depth in Chapter 4. 
3.5. Digital product representations 
There are many types of product representation which are produced or presented digitally, I. e. 
through a computer. Digital or'computer-based product representations (PRs)' can include 3D 
CAD models, 2D and 3D digitally produced images, drawings derived from 3D CAD models, 2D 
and 3D animations, virtual reality and even holograms. As 3D CAD software can be used to 
create physical 3D objects through rapid prototyping, physical rapid prototyped models can also 
covered by this term. Due to the rapid pace of technological change in the area of digital product 
representations, it was decided to search beyond published literature for information on the area. 
Knowledge was drawn from three sources to ensure insofar as possible, that all possible 
technologies had been considered: 
1. Brainstorming session -a brainstorming session was conducted with 12 academic 
design researchers, with experience and understanding of the capabilities of computer- 
based PR technologies (See Appendix 1-1 for the method). The outcome of the session 
was a short-list of computer-based PR technologies which may be used as communication 
tools in co-designing. 
2. Current Literature - Current literature on computer-based PR technologies was 
reviewed. 
3. Personal Knowledge - Having a design background and prior experience with using 3D 
digital software and producing rapid prototyped models, the author had existing 
knowledge of such technologies. 
A discussion of the technical aspects of computer based PR technologies, and the pros and cons 
of different makes and versions of software are beyond the remit of this thesis. Of more 
importance is the role that computer-based PR technologies can play in communicating products 
in the design process. The following 'short list of computer-based product representation 
categories was generated and reviewed: 
1.3D digital product representations 
" 3D solid and NURBS based Computer-Aided Design (CAD) models 
" Rendered images from 3D CAD models 
" 3D animations 
" Web-based 3D product representations 
" Human modelling software 
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" Virtual Reality 
" Virtual clay modelling systems 
2.2D digital product representations 
" 2D Images 
3.3D physical product representations 
" Rapid prototyped models 
" CNC models. 
3.5.1.3D Digital product representations 
CAD models can be used to evaluate design and its perceived use during different stages of the 
design process (Popovic 1999) and can be seen to have both positive and negative effects on the 
design process. On one hand, the visual realism of digital product representations, are claimed 
by Ulrich and Eppinger (2000) to enhance communication within the product development team, 
and eliminate much of the inaccuracy of manually generated sketches which may lead to more 
innovative solutions. Whether this is true however, is debateable. Based on the evidence in this 
chapter, sketching could be said to produce a greater range of ideas. Digital representations 
have cost and speed advantages, and Dahan and Srinivasan (2000) have reported a pressing 
need for low-cost, parallel testing of new product concepts, which can be addressed by virtual 
depictions due to their cost and speed advantages over physical prototypes. Thus virtual product 
representations can be used to explore a larger number of concepts in parallel and design teams 
benefit from lower per unit prototype costs. Furthermore, keeping product concept options open 
and freezing the concept late in the development process affords the flexibility to respond to 
market and technology shifts, thus actually shortening the product development time. 
Computer-generated visuals have been criticised for making products look better than they really 
are. For example, Tovey and Dekker (1996) suggest that because of the 'seductive' look that 
computer-drawn images can achieve, there is an increased tendency to progress a sketch further 
than if it had been produced by hand, thus leading to fewer sketches in the design environment, 
and a loss of early ideas that might spark inspiration. This would indicate that trying to use 
digital product representations to communicate ideas in co-designing in the very earliest stages of 
concept generation may limit the quantity of ideas generated. The use of digital product 
representations may therefore be more useful in the embodiment stages of designing, when 
concept options have been narrowed-down. 
Dahan and Hauser (2002a) have coined the phrase `conceptualisation' to refer to the utilisation of 
the graphic and audio capabilities of multimedia computers to depict virtual products and product 
features. They argue that in addition to multimedia prototypes being easier and more realistic to 
develop than physical models, they also enhance respondents understanding and enjoyment of 
the task, e. g. through multiple sensory inputs such as 2D and 3D visualisation, interactivity, 
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sound and music, and eventually, touch, smell and even taste, through peripherals that are being 
developed. 
Problems have been identified with the use of digital methods for representing products. 
Söderman (1998) states that computer visualisations are `software specific', i. e. the character of 
the visualisation is defined by what the software can provide, and does not bear the character of 
the designer, like sketches do. It could be argued however, that modem design tools can allow 
designers to express themselves in more ways. Recent developments in both the 3D modelling 
capabilities of CAD software imply that CAD is adapting to the needs of the design process, thus 
increasing its chances of being used as a design tool at an early stage of design. 
Computer-Aided Design (CAD) 
Computer-aided design systems have been developing and advancing for decades, and have been 
at the forefront of technologies which have an impact on design representations and the design 
process (Hanna and Barber 2001). Schoonmaker (2003) describes many advantages of 3D digital 
design, including enhanced visualisation of a design from any angle; automated 2D drawings; 
calculation of geometric properties such as volume; and checking interferences of parts. Further 
advantages are intelligent models, through the inclusion of design intent such as parametric 
relationships and constraints; associativity of individual parts' relationships to each other; and 
integrated PD, where visualisation capabilities facilitate integrated product development teams. 
Additionally, once a 3D model has been created, it can be interrogated, studied, analysed, and 
`sliced and diced' In such a way that physical prototypes cannot. CAD data can be used to 
produce identical RP models (Säde 1999), thus detecting if the combination of any components in 
the product interferes with the overall function of the product. 
The distinction between digital 2D and 3D can be a grey area. Ultimately, 3D graphics software 
produces 2D images - regardless of how these images are put to use. Even if the images are 
rendered and read back as a movie file on a computer, or printed out, the end result is still a2 
dimensional image. To clarify this issue, in this thesis 3D digital images produced from 3D digital 
modelling software and displayed digitally on a screen, will always be referred to as 3D, as they 
originated from within a 3D environment. Printouts of showing an image of a 3D model will be 
referred to as 2D, because they cannot be manipulated. 
Much printed and online material dealing with digital modelling and CAD is software specific. For 
a non-software specific text which provides a basic understanding for working within a CAD 
system, Schoonmaker (2003) is recommended. For an informative text specifically targeted at 
designers and which deals in detail with all manner of 3D digital design, refer to Danaher (2001). 
A brief summary of CAD modelling theory has been provided in Appendix 1-2 for reference. 
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There are different types of CAD model, and parts of a CAD model. The following definitions are 
based upon those provided by Schoonmaker (2003): 
0 Model - the 3D computer graphics based object that designers create and interact with. 
The model can be in full colour, grey shaded, or wireframe. 
0 Part model -a model of a single component. It can be self contained and stored in the 
CAD system by itself. 
" Feature -a self-contained segment of a part, e. g. a protrusion, or a hole. 
" Assembly model -a model made up of a collection of part models. 
" Solid model -a part model that is assumed to have volume, with no open faces or free 
edges. 
" Surface model -a type of part model that does not have a volume, but is made up of 
surfaces 
An object modelled in a 3D program can be made to appear solid through a process called 
rendering where the surfaces and polygons which have been built are defined by their materials, 
lighting and textures. A type of rendering called raytracing is where the computer simulates what 
happens to light in the real world by using the physics of optics. Optical properties such as 
reflection, refraction and shadows can be realistically replicated. There are two different types of 
rendering: 
Interactive rendering - encompasses all the rendering methods and technologies that 
display 3D imagery as quickly as possible to provide the viewer with feedback. The 
shaded view in a CAD program for example, or the view of a computer game on a console 
is a 'display rendering', which is more often than not affected by the power of the 
hardware e. g. the graphics card. Interactive rendering does not use Raytracing as it is too 
slow. 
Final quality rendering - (or photo-realistic rendering) is designed to be of high quality, 
rather than interactive. 3D graphics cards do not therefore, affect the final rendering, as it 
is due to the capability of the software. 
In 3D computer graphics, animation is the production of a sequence of images that shows an 
event that changes over time (Danaher 2001). In the context of presenting products, this 
sequence could be a fly-round view of the product, or show parts of the product moving apart, 
and moving back together. Animations offer a useful way of seeing around a product, without 
the need for the viewer to manipulate the digital model themselves. Many software applications 
both animate and render 3D digital images. Some of the most popular programs available are 
summarised in Appendix 1-3. For more information, refer to the developers' websites and 
Danaher(2001) 
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CAD viewers 
The integration of CAD systems with the Internet is a sign of the increasing influence of CAD 
expanding beyond traditional design and engineering environments (Schoonmaker 2003), and 
providing the function for co-design (Li et al 2004). For example, free viewing and publishing 
applications (CAD viewers) allow 2D and 3D CAD data to be easily shared, regardless of 
geographical location. Plug-ins can be downloaded from the Internet free of charge, and allow 
users to view and manipulate 2D and 3D CAD models without needing full CAD software. 3D 
model viewers can help to give a visual understanding of orthographic views, spatial relationships 
and orientation. Only the most basic manipulation functions are needed to allow a user to 
manipulate a model (e. g. rotate, pan, zoom, and an animated fly-around). Most current CAD 
systems are equipped with an export function to convert a native model to a concise 3D model 
for Web applications, such as VRML (Li et al 2004). 
Figure 3-1 shows a 3D CAD model displayed in eDrawings'M - the CAD viewer for Solidworks (e- 
DrawingsTM 2004). Using the tree on the left hand side, users can right-click and hide selected 
parts of the model, to focus in more detail on a particular part. Figure 3-1b shows that all parts 
have been hidden except for the press button to release the blade. The model can be viewed as 
a shaded model, or a line-drawing (Figure 3-1c), or as orthographic line drawings (Figure 3-1d). 
Comments can also be added to the drawings and users can measure edges, faces, vertexes and 
holes, and view cross sections through any plane of the model at any point. 
(b) All parts of the model are hidden except the 
press button 
EgýqEgREHE9 03 
(d) orthographic line views of CAD model 
Figure 3-1: eDrawingsTM viewer showing CAD model in 3D view 
(e-DrawingsTm 2004) 
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(a) 3D CAD model viewed in eDrawings 
(c) Model viewed as a line drawing 
Virtual Reality (VR) 
Virtual reality is a powerful computer application by which humans interact with computer- 
generated environments in a way that mimics real life and engages various senses. Burdea and 
Coiffet (2003) define VR as "a high-end user-computer interface that involves real-time simulation 
and interactions through multiple sensorial channels. These sensoria/moda/ities are visual, 
auditory, tactile, smell, and taste'. Johansson (2001) draws together some of the existing 
definitions of VR and derives that: "VR is a computer-generated word with three-dimensionality, 
real-time performance and interactivity where a user is immersed in the seated environment'r. 
The use of Virtual Reality (VR) as a product representation is not as widespread as CAD. 
Johansson et al (2001) found that the use of VR in companies was low compared to other kinds 
of product representation. It was found that most companies have the basic conditions for VR; a 
3D CAD system, but due to the high cost of new VR equipment to set up and run, they choose 
not to implement it. Ottosson (2002) provides some examples of how VR technologies have 
been used in product development, and offers rules of thumb for when VR should be used. For 
example, a new Volvo car was transferred into VR, instead of being mocked up in clay or other 
materials. The virtual car was placed In the town square of a Swedish town, and the designers 
and engineers could 'walk around' the car, 'open' the car and 'start' the wipers to experience the 
idea from the drivers position. One problem identified with the VR however was that changes 
then have to be made manually to the CAD files, where further re-rendering into VR format is 
required for new simulations. 
Viewing a product using human modelling software 
Software exists with the functionality to show products being used in context, and there is a 
distinction between those specifically used for ergonomics evaluation, and those used for more 
graphical purposes. Manikins used for illustrative purposes are an "Ideal" representation of the 
human form, whereas those used for modelling and simulation strive to develop a more realistic 
representation (Kruithof and Ziolek 2000). 
Poser (Appendix 1-3) was the first commercially available 3D program that could be used to 
create procedural human figures by using a library of preset humans which can be modified 
extensively. "Props" (e. g. products) can be imported from other software, which Poser figures 
can hold, wear and interact with (Danaher 2001, Curious Labs 2005). In co-desinging, this could 
give users a useful visual representation of how a product may appear in relation to a human. 
Other similar 3D modelling and animation software packages which are capable of modelling 
humans are summarised in Appendix 1-3. 
Regarding ergonomics software, human modelling systems can be powerful tools for a design 
team as they enable predictions to be made of the percentage of future users of the product who 
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may have problems with clearances, reaching and seeing, and working in unnatural postures, and 
behaviours including physical attributes such as size, and physiological attributes such as fatigue 
(Kruithof and Ziolek 2000, Porter et al 1996). SAMMIE CAD (System for Aiding Man Machine 
Interaction Evaluation) is a commercially available human modelling computer-aided ergonomics 
tool developed in the 1970s (Figure 3-2). As a predictive tool, it assesses the postural 
constraints placed upon people when interacting with the designed physical environment. 
(SAMMIE CAD, 2004) 
HADRIAN (Human Anthropometric Data Requirements Investigation and ANalysis) is a CAD-based 
design tool, which is integrated into the SAMMIE CAD human modelling system. HADRIAN 
consists of a multivariate database concerning the 3D anthropometry and functional abilities of a 
wide range of people (Porter et al 2004). The tool allows designers to design for real people, 
rather than statistical dimensions, (as is the case with traditional ergonomics data). This tool 
helps to promote inclusive design, as it allows the designer to identify which computerised 
individuals are 'designed out' by a proposed prototype design, together with the reasons why. 
This allows design modifications to be made to include these people. In terms of co-designing, 
this tool could allow users to select a user from the database who most closely matches their own 
anthropometry, and check the usability of a design. 
Jeffries and Wright (1996) explored the strengths of different type of software packages, 
combining anthropometric data with solid CAD modelling and virtual reality simulation. They 
suggested that using a combination of different types of software can facilitate an ergonomic 
assessment of virtual products. This would imply that, human modelling software may just be 
one dimension on which co-designing could take place, and could address users' usability 
concerns and ideas. As the humans and products displayed in human modelling software are 
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Figure 3-2: Example of SAMMIE CAD 
relatively blocky in appearance, for a full evaluation of a product, a higher quality digital 
presentation would be required, such as those produced in solid CAD modelling software. 
Web-based 3D digital product representations 
The Internet has the ability to deliver 3D digital product representations to users. Internet 
connectivity means that potentially, new product concepts can be tested with customers in hours 
(Dahan and Hauser 2002a and 2002b; Dahan and Srinivasan 2000). Users can evaluate a 
product online and interactively 'design' their own virtual products using a drag-and-drop 
Interface. This kind of web-based evaluation procedure is made possible by the ability to 
dynamically adapt web pages in real time based on mathematical algorithms. 
Dahan and Hauser (2002a) have suggested that web-based user design can be used to determine 
which features and feature combinations are most desired by customers. They differentiate user 
design from product `configurators' used by websites, in which users order products by selecting 
features from drop down menus. User design, they claim, uses real and virtual features in a 
visually integrated format, and the displayed product changes interactively. There are hurdles to 
overcome to deliver 3D content on the Web because of the initial difficulty of the amount of data 
that goes into describing a 3D object or scene. Danaher (2001) describes how many companies 
are working on their own schemes for producing 3D data compression. Flash is the standard 
software which delivers 2D animated content to the web, using minimal file sizes (Flash 2005). 
Virtual Configuration 
In trials conducted by Dahan and Hauser (2002a), users were shown six camera features and 
indicated their preferences by dragging and dropping features from the'what you can buy' 
column to the `what your camera has' column. As respondents made their choices, trade-offs 
such as price, appearance and performance were updated in real-time. The design could be 
reconfigured until an `ideal' configuration was identified and configuration logic was used so that 
only feasible designs can be generated. Whether this type of activity can be called 'designing' is 
a grey area. It can be argued that users' design freedom is restricted within the boundaries of 
combinations of pre-determined features, therefore they are merely configurating. This type of 
activity would obviously not be suited to the early concept generation stages of design, but could 
have a place in the embodiment stages, where design options must be constrained. The main 
advantage of web-based configuration is its ability to be remote from the designer; users all over 
the world could participate in configuring a design. Figure 3-3 gives some of examples of how 
users can virtually configure products by choosing from options. 
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Users can design their own Barbie doll by choosing her face, eye 
colour, lip colour, hairstyle, clothes, accessories, and even her 
personality (Barbie 2005). 
Free downloadable software allows users to design their own 
kitchens and offices, and print out a shopping list of the chosen 
furniture, along with prices (Ikea 2004). 
-  I 
Users can configure their car and then order it (Fiat 2004) 
Figure 3-3: Examples of online virtual configuration 
3D digital product representation web technology 
The delivery of 3D content on the Web falls into two broad categories, streaming and 
nonstreaming (Danaher 2001): 
Nonstreaming solutions - rely on simple compression of 3D data and texture to 
minimise transfer times. Technologies such as VRML (Virtual Reality Mark-Up Language) 
are nonstreaming which means that the entire 3D data must be downloaded before it can 
be displayed. This can often be time consuming. 
" Streaming 3D - data is incrementally delivered and reconstructed when the information 
is received. The model may be displayed almost immediately in a very rough, low 
resolution form, but then as more data is downloaded, the model becomes more detailed. 
This is a superior, more elegant solution than nonstreaming alternatives. Streaming also 
allows the viewer to interact with the model while it is downloading, e. g. zooming in and 
out, and rotating (Danaher 2001). 
There are alternative methods for sending actual 3D data to a user's web browser. With Flash, 
images can be rendered and converted into Flash vector data, which are faster and more efficient 
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than sending compressed bitmaps. However, in Flash, there are no complex materials for objects, 
since it works best when areas of flat colour are used, so may not be appropriate for representing 
products with specific materials. A 3D cartoon look will usually be the result, with material details 
such as reflection and transparency removed; and graduated shading will be reduced to the three 
or fewer flat areas of colour. 
Virtual clay modelling systems 
A commercially available virtual modelling system called Freeform® has been produced by 
SensAble Technologies Inc. The system allows designers to sculpt a block of 'virtual clay, 
mimicking tools and techniques employed in the physical world of clay modelling (Bishop 2001; 
SensAble Technologies 2003). The Input and feedback device (PHANToMTM) Is a 3D force- 
feedback device with a stylus attached to a movable arm, offering movement with six degrees of 
freedom. When the cursor on the screen comes into contact with the virtual model on the screen, 
haptic feedback is provided through the stylus, and mimics the feel of the material in which the 
virtual model is specified. This offers designers tactile perception of a digital model, as well as 
visual perception. The system output includes photorealistic renderings, files for rapid 
prototyping, and selected 3D formats for downstream processes. The PHANToMT" system has 
been evaluated in terms of its role in NPD by Sener et al (2003), who found that It was well 
suited to the early stages of NPD, and provided designers with a level of interaction that has not 
been possible with conventional CAD packages. Its main shortfalls were a lack of constrained 
modelling, and production of inappropriate data for downstream modifications. 
3.5.2.2D Digital product representations 
2D drawings produced from 3D CAD model data 
Otherwise known as engineering, or drafting drawings, these usually show the product in 
orthographic views (top, side, front etc). A typical mechanical drawing places the views on the 
drawing in a particular location, so that the viewer knows which angle is being expressed. These 
drawings are typically technical in nature and fully define the product layout, assembly, and 
materials in preparation for manufacture. 
Paper printouts of CAD models can also be considered to be 2D (Sade 1999). Although the image 
itself may be 3D, the viewer is unable to interact with, rotate, manipulate or `see around' the 
product in the image (as in 3D CAD software). Photographs are examples of 2D images. 
3.6.3D physical product representations (Rapid Prototyping) 
3D CAD software can be used to create physical 3D objects through a process called Rapid 
Prototyping (RP). In NPD this allows stakeholders to gain a tangible Impression of a future 
product's form, in addition to detecting If the combination of any components in the product 
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interferes with the overall function of the product. The process of stereolithography, for example, 
uses a laser to penetrate a vat of photopolymer -a special chemical substance which solidifies 
when struck by a light of a particular wavelength and density: a laser. Using the digital 3D data, 
the laser traces the volume of the object in the vat to recreate the 3D form (Danaher 2001). 
Descriptions of other rapid prototyping methods can be found in Chua et al (2003). 
RP models have traditionally been presented in the later stages of the design process to clients, 
as final appearance prototypes. They were rarely given to users to handle, with a 'look but don't 
touch' attitude, due to their high production costs. As the cost of the technology inevitably 
reduces, RP techniques will be used earlier in future product development processes. 3D printers 
are now commercially available, and it is claimed that in the future they will be available in the 
home (BBC News Online 2003). It may be some time before this is reality however, as current 
systems cost between $25,000 - $30,000! 
German designers Vogt and Weizenegger have created a system whereby a customer can watch 
their own personal chair be designed, generated and manufactured in real-time (Vogt and 
Weizenegger 2003) (Figure 3-4). 
1 
(a) The Sinterchair (b) Removing Sintercna r from the SLS powder 
Figure 3-4: Sinterchairp: RP modelling of a customised chair 
(Vogt and Weizenegger 2003) 
"Sinterchair®" is designed together with a customer, as a digital, three-dimensional one-off. A 
questionnaire is used to find out about the customer's preferences, e. g. their favourite music, 
writer, film etc, and then the designer formally matches this data as a variable to the basic 
framework of the chair. It is not clear however, how users' preferences are matched to chair 
shape. The generated chair is then manufactured using Selective Laser Sintering (SLS), whereby 
Nylon powder is applied in fine layers (Chua et al 2003). A laser traces an outline of the two 
dimensional segment of a shape into the powder, cutting out this shape layer by layer and thus 
hardening each layer of powder as it draws them. At the end of the process there is a three 
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dimensional object standing in a box of closely packed white powder, from which the object can 
then be removed (Figure 3-4b). 
3.6.1.3D scanning 
For a physical model, to be of further use in the design process, it can be re-captured into a CAD 
program for further development and modelling. Traditional methods of reverse engineering 
involve measuring the object and manually redrawing it in the CAD software. The problem with 
this method however, is that it is extremely time-consuming, and very organic 3D shapes are 
almost impossible to model. A solution is to use a 3D scanner to scan a physical model into 
usable CAD data. The digitised scanned model can then exported to STL, DXF (polygons) and 
IGES (NURBS surfaces) files, for use in industry standard 3D CAD and solid modelling software. 
3D scanning is an ideal tool for objects such as ergonomically or user-fit designed objects, which 
can be sculpted easily from clay and then scanned into a CAD program for further tweaking, and 
optimisation for manufacture. An example of a 3D scanner is the Apsom PICZA LPX-250 desktop 
3D scanner (Figure 3-5), which is controlled by Dr. PICZA 3 software (Apsom 2005). 
;ýp T 
Figure 3-5: The Apsom PICZA LPX-250 3D scanner 
(Apsom 2005) 
Scanned data is in point cloud format, so before it can be used in 3D CAD software it must first 
be edited. Pixform® is the editing software and can stitch, heal and automatically generate 
NURBS surfaces. Rhino@, as described in Appendix 1-3 can also do this (refer to Appendix 1-2 for 
a technical description of NURBS). The data can then be exported as an STL or IGES file to 
industry standard 3D CAD modelling software. The 3D scanner scans objects using a laser light 
beam, and scan quality may vary depending upon the materials or colours of the objects. The 
scanner cannot scan around the top of an object where the laser beam either hits at too shallow 
an angle or cannot hit the object at all. Objects that are transparent, translucent, or have 
surfaces which are fuzzy, glossy or highly reflective, made of fabric or dark colours such as black, 
blue or green, may not produce good results. In these instances, using a matte finish white 
overcoat or other temporary surfacing agent is required. 
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3.7. Reflection upon product representations for co-designing 
In reflecting upon the array of product representation technologies available, it is unclear how 
they could be used in a co-designing process involving design teams and users. It is thought that 
technologies such as CAD and RP have the potential to facilitate co-design, as they can clearly 
save time in the design process. A fundamental question at this point however must be: how do 
users understand products presented through digital means? Designers can obviously 
communicate through these typse of representations, because as designers, their skills lie in 
interpreting visual information. Clearly, there is a need to explore the literature to identify 
knowledge on users' understanding of product representations, particularly those which are 
computer-based. This will be done in Chapter 4. 
There was no evidence found that co-designing between designers and users has been explored 
using digital product representations, and likewise, no criteria for how co-designing technology 
should function could be found. Also unresolved, was the issue of whether digital PR 
technologies offered advantages over traditional PR methods, which could be seen to have low 
cost and speed advantages. There is therefore a requirement for an audit of potential co- 
designing technologies (both traditional and digital) for their ability to facilitate co-designing. It is 
suggested that this will provide recommendations for the functionality of any future co-designing 
technology. This audit and recommendations are reported in Chapter 8. 
3.8. Conclusions 
From a review of the prior art on the subject of product representations as communication tools 
in NPD, the following conclusions have been derived: 
9 In the design process, the product itself becomes the central medium of communication 
between other designers, clients and users. 
Verbal communication can play a role in co-designing, and can accompany physical 
models and sketches in communicating ideas. 
"A product has characteristics, or `product properties', which can be physical, e. g. 
dimensions, geometry, textures, materials, colours, graphics and detailing, or emotional, 
e. g. pleasure in use, perceived personality, desirability and quality. 
" Product representations are perceptible expressions of design ideas, and can range from a 
verbal or written description, simple 2D sketches to fully working prototypes, including 
CAD models, physical models and mock-ups and rapid prototyped models. Product 
representations can be used to test components for fit and tolerances, reduce the risk of 
costly iterations and detect unanticipated phenomena. Additionally, they can provide a 
means for users to communicate their needs and design ideas to users. 
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" This research is concerned with two classifications of product representation: traditional 
and digital. Traditional PRs include sketching and physical mock-ups and models made 
from materials such as wood, clay or foam. Digital or `computer-based' PRs can include 
3D CAD models, 2D and 3D images produced through computer software, drawings 
derived from CAD models, 2D and 3D computer animations and virtual reality. As 3D CAD 
software can be used to produce actual 3D objects through the process of RP, physical 
rapid prototyped models are also covered by this term. 
" Sketching is a basic, cheap, traditional product representation and is used early in the 
design process. The casual nature of sketches represents the fact that they can be easily 
changed, and can evoke discussion. Sketches can be used to facilitate design thinking; 
support verbal communication in groups discussions and be used to communicate to 
people outside of the design process. Early sketches, or `concept sketches' can be `free 
theme' or `package constrained 'i depending upon the degree of design freedom desired. 
" Physical 3D models are tangible 3D physical mock-ups of a product, made of cardboard, 
foam, clay, wood, metal or paper. If high realism is required, they can be costly and time- 
consuming to produce. 'Quick and dirty' prototyping using basic materials is cheaper and 
quicker, but is more appropriate for communicating functionality than aesthetic 
requirements. 
Digital PRs were reviewed in depth using knowledge gained from a brainstorming session 
with design researchers, from literature and the World Wide Web, and from the author's 
prior knowledge and experience. Advantages of digital PRs were seen to be their time and 
cost-saving abilities, their enhanced visualisation capabilities, their ability to facilitate 
communication in NPD, their suitability for the low cost parallel testing of product 
concepts, their ability to produce replica 3D physical models through RP, and the their 
potential facilitate collaborative working within the design team. 
It was unclear how the technologies could be used in co-designing. No evidence detailing 
desirable criteria for co-designing technology could be found. Also unresolved, was the 
issue of whether the various digital PR technologies offer advantages over the traditional 
PR methods, which could be seen to have low cost and speed advantages. It was 
suggested that an audit of the potential co-designing technologies (both traditional and 
digital) for their ability to facilitate co-designing was required. This would lead to 
recommendations for the functionally of any future co-designing technology. 
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CHAPTER FOUR 
Users' Understanding of Product 
Representations 
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4. Users' understanding of product representations 
4.1. Introduction 
The possibilities for user involvement in NPD through co-designing were explored in Chapter 2, 
and Chapter 3 presented a review of product representations which can function as 
communication tools in the design process. In order for users to communicate their needs from 
products through product representations, an understanding is required of how users perceive 
these representations. Through reviewing the theory of perception, this chapter aims to explore 
the area of product understanding. Conclusions are drawn about the implications of product 
understanding for co-designing. 
Scope of the review 
How people understand products through the process of perception is Important in the context of 
this research, as co-designing requires users and designers to communicate through product 
representations. There are large amounts of literature related to responses to product 
appearance (e. g. Crozier 1994; Crilly et al 2004), but Taylor et al (1999) stated that boundaries In 
the area can be difficult to establish, since almost everything can be found to have some potential 
relevance to human perception of products. Additionally, the area of perception of products not 
only covers the field of design research, but crosses Into aesthetics, psychology, consumer 
research, sociology, marketing and semiotics (Crilly et at 2004). This chapter deals with basic 
perception, from a psychophysical level of analysis. Physiological analysis (dealing with the 
physical changes taking place in the body) is beyond the scope of this thesis, so Is not discussed. 
4.2. Perception 
According to Goldstein (2002) the two reasons for the importance of perception are: to inform us 
about the properties of the environment that are important for our survival; and to help us act in 
relation to the environment. Our perceptual system accomplishes this by creating a likeness of 
the environment in our minds, which enables us to act within it. Figure 4-1 shows the perceptual 
process according to Goldstein (2002). 
" Perception - Is a conscious sensory experience, in which the electrical signals that 
represent an object are transformed by the brain into the experience of seeing the object 
" Recognition - Is the ability to place an object in a category, such as'chair' that gives it 
meaning. 
" Knowledge (or cognitive influences) - broadly refers to any type of information (such as 
memories and expectations) that the perceiver brings to the perceptual process, and 
determines both recognition and perception. 
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Figure 4-1: The perceptual process 
(from Goldstein 2002, p9, Image©2002, Wadsworth) 
'Knowledge' In the perceptual process enables the distinction of two types of perceptual 
processing which often work together: 
" Bottom-up processing - begins with information received by the receptors. 
Top-down processing - begins by considering the effect of knowledge such as 
memories and expectations that a person brings to the perceptual situation. 
4.2.1. Perceiving products through the senses 
With regard to the perception of product form, the senses of vision and touch are the most 
important. This section discusses these senses in the context of product perception. For 
background Information relating to other senses (i. e. hearing, taste and smell), refer to Goldstein 
(2002). 
Visual Perception 
Human perception is dominated by vision (Baxter 1995). An early approach to psychology called 
structuralism was established in Germany in the late 1800s, and dominated psychology until the 
1920s. Structuralism stated that perceptions were created by combining elements called 
sensations. A German psychologist called Wertheimer questioned this approach and stated 
instead that the whole is different to the sum of its parts. Importantly, this stimulated the 
founding of Gestalt psychology, which made important contributions to understanding object 
perception (Goldstein 2002). The Gestalt laws of organisation are a series of rules that specify 
how we organise small stimulus elements into wholes. Six of the most important principles are 
summarised In Table 4-1: 
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Table 4-1: Six important Gestalt principles 
Gestalt law Description 
Good figure Also called the law of simplicity. The central law of Gestalt psychology states that 
every stimulus pattern is seen in such a way that the resulting structure is as 
simple as possible. 
Similarity The law of similarity states that similar things appear to be grouped together. 
Grouping can also occur because of similarity in lightness, hue, size or orientation. 
Good The law of continuation states that points, when connected, result in straight or 
continuation smoothly curving lines which are seen as belonging together, and the lines tend to 
be seen in such a way as to follow the smoothest path. 
Proximity Also called nearness. The law of proximity states that things that are near to each 
other appear to be grouped together. 
Common fate The law of common fate states that things that are moving in the same direction 
appear to be grouped together. 
Meaningfulness Also called familiarity. The law of meaningfulness states that things are more likely 
to form groups if the groups appear familiar or meaningful. 
There is debate about whether product related beliefs derive from holistic visual perceptions of 
the product's form or from linear processing of one design element at a time. Gestalt 
psychologists support holistic processes, and argue that objects are perceived as a whole rather 
than atomistically. Contrary to this, is the view that reactions to product form are based on 
atomistic reactions, whereby people look first at stimulus elements and the fit among them. 
Bloch (1995) assumes that both Gestalt and atomistic processing occur; as a product may first be 
perceived as a whole, then if the form warrants further processing, then Individual elements may 
become salient. For example, the concept of categorisation, is where consumers try to 
understand a product by placing it in a category. Such categorisations employ both holistic and 
atomistic perceptual processing (Bloch 1995). 
Another approach to understanding visual perception, which is particularly relevant for 
understanding product forms, is the Recognition-by-Components (RBC) approach developed by 
Irving Biederman (1987). According to RBC theory, an object is analysed as features which are 
volumetric primitives (geons) such as cylinders, rectangular solids and pyramids. There are 36 
different geons in Biederman's system, and by combining them it is possible to create thousands 
of objects (Figure 4-2). The basic theory is that if enough information is available to enable 
people to identify an object's basic geons, the object will be identified. 
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Figure 4-2: Geons and objects 
(from Biederman 1987) 
Perceiving depth and size 
Size perception Is Influenced by depth perception. Holway and Boring (1941) showed that good 
depth perception results in accurate size judgements, and poor depth perception results in size 
judgements based on an object's visual angle (e. g. the way sizes of objects are perceived when 
viewed from a high-flying aeroplane). A problem concerning size perception Is that the size of 
the image projected from an object varies with the distance of the object from the observer. 
Additionally, the size of an Image provides no information about the size of the object shown 
(Epstein 1965). This may have implications for co-designing, and suggests that if users are 
shown images of products, a method of communicating the true size of the object may be 
required. The 'familiar size solution' addresses this and works by using form as Information about 
scale. It allows the observer to compare Identifiable objects of known size (e. g. playing cards, 
watches and coins) against the unknown product form (Epstein 1965). 
Tactile Perception 
The human hand is adapted for perceiving and manipulating due to the numerous skeletal and 
muscular degrees of freedom coordinated by neural control systems. These provide dexterity 
that allows for both exploration and manipulation of objects. The hand also has sensory 
receptors that provide precise information about forces applied by the hand, slips between the 
object and skin, and hand position. This sensory information allows the hand to appreciate object 
properties, such as weight, compliance and slipperiness, as illustrated by the fact that individuals 
with sensory defects have difficulty handling small objects (Flanagan and Bandomir 2000). 
Haptic perception is an aspect of active touch (where the perceiver controls the stimuli) In which 
a person identifies three-dimensional objects by exploring them with his or her hands using 
distinctive hand and finger movements called exploratory procedures (Lederman and batzky 
1987,1990). Humans make extensive use of surface textural information for object classification, 
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feature extraction and for adapting gripping forces. Human thermal sensing is an additional 
external stimuli for material discrimination (De Rossi 1991). 
Weight Perception 
The perceived weight of an object is its "heaviness". Macdonald (2001a) claims that weight can 
be suggested visually. The role of visual cues and stored knowledge about object shape and size 
can be used for anticipatory fingertip force control. For example, people can appropriately scale 
their fingertip forces right from the very start of the lift, even if they have not previously lifted the 
object. This indicates that visual information about object shape and weight is used to access 
stored knowledge about the force requirements for lifting. 
Through a series of experiments, Flanagan and Bandomir (2000) discovered that perceived 
weight is influenced by grasp configuration; the width or span of the grasp; the number of digits 
used; and the size of the contact area between the digits and the object. An object is judged to 
be lighter when grasped with a wide grip because less force is required to generate the grip 
force. An object grasped with 5 digits is judged to be lighter than the same object grasped with 
2 digits because less effort is required to stabilise the digits when all five are employed. An 
object is perceived to be lighter when grasped with a flattened grip than when grasped with a 
pinch grip because the flattened grip is more stable. 
4.2.2. How age may affect perception of products 
To adopt an Inclusive approach to designing a basic understanding is required of the perceptual 
changes that occur to the senses as adults age. For In-depth information on this area refer to 
Steenbekkers and van Beijsterveldt (1998); also see Pirkl and Babic (1988) who translated 
quantitative data for the senses (vision, touch, hearing) into transgenerational design guidelines. 
A brief summary of how age may affect the visual and tactile perception of products is provided 
here. 
The ageing process is subtle, with different parts of the body ageing at different rates. The start 
and speed of the ageing process also depends upon the individual and is influenced by factors 
such as the decade of birth, health, nutrition, exercise, work and social activities throughout life 
(Haigh 1993). As adults age, the effectiveness of the senses can diminish. There are differing 
opinions on the age at which it is considered to be 'old'. Haigh (1993) believes that the changes 
normally associated with ageing could occur as early as the 30s and 40s. Generally however, it is 
widely accepted that most of the significant changes begin to take place around the age of 50+. 
Figure 4-3 Illustrates the pattern of ageing, with scores for sensory variables, e. g. tactility and 
hearing. The standardised scores make it possible to compare one variable with another. Tactile 
discrimination diminishes very slowly with increasing age, compared with the auditory and visual 
senses, with the most marked deterioration being the visual senses. 
71 
Age group (years) 
Z-score 0.0 
-0.5 
-1.0 
-1.5 
-2.0 
-2.5 
-3.0 
-- tactile discrimination 
- hearing, 4000 Hz 
--0--hearing, 500 Hz 
visual contrast 
sensitivity 
ý- near-reading acuity 
Figure 4-3: Standardised scores for the visual, auditory and tactile variables for each age group 
(From Steenbekkers and van Beijsterveldt 1998 p 162, Image©1998, Delft University of Technology) 
Fozard and Gordon-Salent (2001), Schaie and Willis 2001, and Haigh (1993) explain the physical 
changes that take place in the eye and neural mechanisms with age. To summarise, the lens of 
the eye becomes less flexible, yellowier and more opaque with age, making it difficult to view 
objects close to the eye. Glasses can compensate for this. Visual acuity (the ability to see shapes 
and fine detail clearly) reduces, and contrast sensitivity decreases (the ability to distinguish 
between light and dark). There is a general decrease in the accuracy of depth perception after 
the age of 50 or so. 
Tactile sensibility diminishes with age, due to the changing morphology of the decreasing 
numbers of receptors in the fingertips (Stevens 1992). Steenbekkers and van Beijsterveldt 
(1998) found that tactile discrimination of various parameters such as size and form decreased 
only slightly, and only became significant after the age of 70, in contrast to the senses of hearing 
and vision, where a deterioration of performance with increasing age was found. 
These changes to perception as a result of ageing have important implications for designers 
involving users in the design process. Crilly et al (2004) state that when considering the visual 
domain in product design, conditions that affect visual acuity, range-of-vision and colour vision 
(as is common amongst older users) may result in products being perceived in a way 
unanticipated by designers. Due to an ageing population, inevitably increasing numbers of users 
involved in designing will be over the age of 50. Designers therefore need an awareness of how 
older users' perceptual declines may place limitations on their understanding of product 
representations (e. g. as shown by Pirkl and Babic 1988). 
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4.3. Understanding products 
Käiviäinen and Pontecorvo (2000) have suggested that continuing research into customer 
experiences and object perception will enhance user-centred design processes. Clearly there is a 
link between the understanding of product representations and user involvement in designing: for 
users to be involved in designing, they must understand the product representations they are 
viewing and making. Using the wrong representations can cause confusion and misinterpretation 
(Saddler 2001). This section aims to examine the literature related to understanding product 
appearance. It reports on prior studies which have investigated users' understanding of product 
representations and looks for evidence of existing guidelines on how these representations are 
understood. 
4.3.1. Responding to product appearance 
People judge products based upon their visual appearance (Crilly et al 2004). These judgements 
relate to the perceived attributes of products. Thus, a product's perceived attributes may be of 
greater Importance than its tangible properties. This is particularly the case when users can only 
respond to a product through a visual (as opposed to physical) representation. For example, 
virtual product representations are the source of product communication in Internet shopping and 
mail order catalogues. In these situations, a customer's only exposure to the product Is through 
a visual Image, so the product's visual Impact is usually the force behind the purchase (McDonagh 
et al 2000). Even In a retail showroom environment, people will Initially base a decision on 
whether to buy the product based upon its visual impact, rather than its perceived use over time, 
having never seen or touched the real product. 
For a deeper understanding of the consumer's response to visual product appearance, refer to 
Crilly et al (2004), who have comprehensively reviewed the literature on the subject through a 
conceptual framework. They showed how the design team creates a message that is encoded in a 
product, and the product is perceived by the consumer In an environment. This behaviour leads 
to cognitive, affective and behavioural responses, where cognitive response is composed of 
aesthetic, semantic and symbolic aspects. It was revealed that Interpretation of product 
appearance may also be assisted by referring to other products. 
Cultural responses to products 
Cultural and social forces also shape preferences for product form, and the acceptance of a 
particular style may have much to do with the culture's values or preferences, e. g. through styles 
and fashion (Holbrook and Schindler 1994). According to Hofstede (1991), culture is learned, not 
inherited and derives from one's social environment, not from one's genes. Bloch (1995) identifies 
that even within a culture or social setting, people vary In their tastes or preferences, due to 
variations in design acumen, prior experience, and personality: 
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" Design acumen - is something with which certain people are born. People with high 
design acumen make quicker sensory connections and exhibit more sophisticated 
preferences regarding the design of things than those do with little design acumen. Some 
consumers favour visual over verbal processing, and attend more closely to visual design 
elements with clearer preferences in making product choices than do those who are low in 
visualising. 
" Prior experience - the role of customer experience will allow product developers to 
make decisions as to which customers should be involved in the early stages of the 
product development process as predicted by Engelbrektsson (2002). 
" Personality variables - can potentially affect design tastes and preferences, specifically 
the differences between sensory and cognitive Innovativeness. Consumers with a high 
level of cognitive innovativeness tend to be rational and enjoy finding out how things 
work. In contrast, those with higher sensory Innovativeness tend to seek greater 
stimulation of their senses and emotions. 
Bloch (1995) has described psychological responses to product form, in the context of cognitive 
and affective components: 
Table 4-2: Psychological responses to product form (summarised from Bloch 2005) 
Psychological responses to product form 
Cognitive Responses 
Product-related beliefs Beliefs that the user holds about a product and its brand. Product form may 
influence or create beliefs regarding durability, value for money, technical 
sophistication, ease of use, sex role appropriateness and prestige. Materials, for 
example are an aspect of product form that may be associated with specific 
beliefs. Crilly et al (2004) describes how the use of wood may evoke images of 
craftsmanship, metals may be associated with precision, and plastics may be 
regarded as "cheap imitations". Weight can imply high build-quality and provide 
reassurance (Taylor et al 1999). The issue of time can also change perceptions of 
taste, e. g. certain colour combinations that were judged by past generations as 
being vulgar or strange are now seen as recherche, or pleasing (Bonapace 2002). 
The projection of these qualities can extend to the consumer, so a consumer who 
buys products crafted from wood and metal may be seen to not only appreciate 
craftsmanship, but to be traditional, skilled and precise themselves. 
Categorisation Consumers try to understand a product by placing It within an existing category. 
Categorisation is based upon the perceived similarity between a given product and 
exemplars of product categories and sub categories. For example, recognising 
that a car is a sports car, because of its similar appearance to other sports cars. 
Affective responses 
Aesthetic and other Responses which are evoked in consumers if they like, or love a product. 
responses Aesthetic responses derive from the design and sensory properties of the product 
rather than its performance or functional attributes. Aesthetic value and utilitarian 
value can occur together, as the most successful products will offer both benefits 
to the customer. 
Negative affect Responses which evoke negative reactions to perception of product form. The 
goal of product design is to elicit more positive than negative responses, especially 
in the target user group. 
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4.3.2. Studies addressing users' understanding of product representations 
In an experimental study, Söderman (1998) Investigated what information product 
representations of different completion could provide about a future product. Four product 
representations (sketches; colour computer visual; physical scale model; and full-scale prototype) 
of two chairs (cafe chair and office chair) were shown to potential groups of 6-8 users in six focus 
groups. The main finding disproved the preconceived idea that a gradual completion of a product 
representation gives a gradual comprehension of the future product. Instead, an increased 
comprehension (a 'leap') of the future product is not obtained until a `breakpoint' Is reached, 
i. e. the product representation must hold a certain degree of completion and provide clues which 
can help the potential user to understand the product. The physical scale of the product 
representation in relation to the finished product, and the extent to which the user can interact 
with the representation were identified as the two most important factors in meeting a 'break 
point The study also indicated that the degree of completion of a product representation had 
little or no impact on eliciting user requirements. 
In another study, Söderman (2002) investigated in six focus groups with 5-7 participants how 
desktop virtual reality representations of a rucksack and a bookcase made a difference to end- 
users' understanding of the products compared to conventional hand-made sketches and real 
products. The representations were black and white sketches, desktop VR representations and 
the real products. It was found that the type of product representation affected users' 
understanding of the product. Interestingly, zooming and rotating the VR Images did not 
enhance users' understanding of the products. Interaction and scale were found to contribute to 
participants' enhanced understanding, which was only provided by the real products. Product 
knowledge and product representation knowledge was also found to be an important factor. 
Participants commented on matters not indicated by the product representations showing that 
personal product knowledge compensated where product representations lacked information. 
Söderman (2002) suggested that limited product representation knowledge may have resulted in 
a shift of focus from the product being represented to the representation itself, e. g. participants' 
limited knowledge of desktop VR biased their opinions of the products. 
Also in an experimental study, Battarbee and Säde (2002) studied the design evaluation of a 
virtual prototype over the Internet to find out if negativities to do with the prototyping platform 
affected users' perceptions of the products. This involved testing the fidelity of the virtual 
prototype itself, and the look and feel of the testing environment and web page. Important 
findings were that (i) changing the background behind the VR models was found to have no 
effect on how the product was perceived; (ii) giving physical models to users allowed them to 
criticise the design with more confidence than with the VR models; and (iii) users needed a 
physical model to assess the size of the product. Interestingly, users also commented that a CAD 
model would be better for evaluating the design than a VR model, which is of low fidelity. 
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Using four focus group Interviews with 23 participants, Engelbrektsson (2002) studied the effects 
of showing product representations of a new tram, to users with and without previous experience 
of travelling in trams. The study showed that experienced users were able to provide more 
information than inexperienced users and were less dependent upon information provided by the 
product representation. This matched the conclusions of Schoormans et at (1995), who found 
that users who have product knowledge can compensate for and fill in missing information in 
order to visualise the future product. 
Rooden (1999) conducted a series of trials comparing prototypes with a real blood pressure 
monitor. The prototypes were a set of drawings, a mock-up and a non-functioning product (the 
real product with the batteries removed). The characteristics of function and manipulability were 
studied. 27 participants operated one of the prototypes, followed by the real product, and a 
group of 9 participants used only the real product. Participants were video-recorded verbalising 
their perceptions and use actions concurrently, then afterwards, the video-taped operations were 
reviewed with the participants and they were retrospectively probed for further Information on 
perception, cognition, use actions and relevant experience and familiarity with the parts. 
Following analysis, suggestions were presented, concerning the Improvement of primitive 
prototypes and the method of user trialling with such prototypes. Ten suggestions were derived 
from the study, summarised in Table 4-3. Rooden makes two references to using computer 
animations and simulations. However, these types of representation are different to physical 
prototypes, and the literature presented in this thesis has already revealed that It Is not known 
how users' perceive computer models. 
Dahan and Srinivasan (2000) developed and tested a Web-based method of parallel concept 
testing for the new design of a portable bicycle pump. The representations were written 
descriptions, static renderings (web-based), animated renderings (web-based) and physical 
prototypes. It was found that virtual prototypes on the Web provided nearly the same results for 
understanding as physical prototypes. However, there was a degree of disconnect between virtual 
products and physical ones. The authors proposed that an explanation for this was that the Web- 
based colour renderings and animations made one of the product concepts look and feel better in 
virtual reality than it did in physical reality. The fit and finish of the rubber material used on the 
prototype was not of high quality, but this could only be perceived when the prototype was 
actually touched by consumers. They concluded that computer-renderings and animations may 
disguise imperfections in fit and finish, texture, and smoothness of motion. It was recognised 
that the advantages of data collected using virtual prototypes is only valid if it replicates that 
which can be obtained with physical prototypes. 
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Table 4-3: Suggestions for the using primitive prototypes with users 
(summarised from Rooden 1999 pp 144-147) 
Suggestions for the using primitive prototypes with users 
Elicitation of use When subjects operate a drawing and use actions are verbalised, an active 
actions role by the test leader is desirable. They should probe for specific 
information and details during operation. Additional means of expression, 
such as gesturing and pointing should be encouraged. 
Visibility of Information Try to show all sides of the design In a prototype, e. g. by presenting a set of 
drawings, or a computer animation. However, certain subjects are not 
familiar with 'reading' drawings and hidden Information should be 
communicated to the participants. 
Primitive prototypes When participants mention that they expect the real product to differ from 
leave room for the prototypes, by adding or changing certain characteristics, they should be 
alternative corrected. 
interpretation The subjects should be told at an appropriate moment what is simulated by 
what In the prototype. 
Altered appearance Make foreseen changes in the appearance visible In the prototype by 
preparing some extra drawings. 
Leaving out product Represent product graphics in the prototypes as far as designed at the 
graphics moment of trialling. 
Functioning or not Functioning products are preferred to non-functioning ones. When applying 
non-functioning prototypes, it should be realised that users' goals may be 
different, and that certain use actions may not be mentioned, or that the 
order of actions may be Inaccurate. Add users'trials with existing 'similar' 
functioning products to the design process to anticipate Interaction 
difficulties, connected to the functioning of the product 
Response times Simulated feedback should be supplied by an anonymous person, not by the 
test leader. This makes it easier to stick to the response times of the real 
product. This may also be facilitated by computer simulation. 
Sharp and Wright (1996) investigated how users interacted with a real domestic microwave and 
its virtual simulation (using a touchscreen monitor). By asking 32 participants to complete four 
tasks, such as setting the microwave to cook, the results showed that there was no significant 
difference between the number of tasks successfully completed, the time taken to complete the 
tasks, and users' assessment of their own performance. It was concluded that a computer-based 
simulation of a product can be effective In predicting how users will interact with a real product, 
thus saving time and reducing costs and giving designers greater control then building physical 
prototypes. 
Johansson (2000) compared the use of two different product representations of a pallet truck as 
mediating objects in the early stages of product development, but the investigation only focused 
on internal members of the design team, not users. A full size foam mock-up and a digital mock- 
up shown on a projection screen were used in a phase of concept evaluation, to decide upon a 
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basic design. Focus groups, observations and questionnaires were used to collect data from 10 
respondents, but the precise sample was not provided. It was found that the digital mock-up 
elicited 50% more comments that the physical mock-up, and the discussion was reported to be 
more lively with the digital mock-up than with the physical mock-up, (although it is suggested 
that this could have been to do with the mix of people in the group, as each representation was 
viewed by different people). 
From an architectural point of view, Mahdjoubi and Wiltshire (2001) reviewed literature on the 
analysis and evaluation of architectural simulations. It was found that comprehension was closely 
linked to the issue of realism. It was proposed that while professionals can grasp simple 
presentations such as diagrams and plans, the public finds it easier to understand highly realistic 
media such as television, films and photographs due to familiarity with the medium. An 
unfamiliar medium can be seen as "unrealistic". Interestingly, the emphasis on visual simulation 
was on "selling" rather than "faithfully portraying "A' which suggested that "lying" had become a 
common characteristic of representations, e. g. through exaggeration. Consequently, the 
credibility of visual simulation was seen to be diminishing. 
In a study by Schumann (1996), 54 architects compared the output of a non photo-realistic 
Image with a 3D wireframe CAD drawing. The majority of designers preferred to use non- 
photorealistic images to show their design output to clients at the early stages of the design 
process. The study confirmed that a simple style of representation, i. e. images with a low level of 
detail could be a valid architectural design tool, but no evidence was shown as to whether such 
images could be used for communication and collaboration between architects and their clients, 
and how lay-people would react to the representations. 
4.4. Reflection on users' understanding of product representations 
Evidence from the literature is somewhat conflicting. Some studies showed users' understanding 
to be unaffected by the completion of the product representation (e. g. Söderman 1998; Sharp 
and Wright 1996) whereas In contrast, others reported that the type of product representation 
didaffect users' understanding of the product (Battarbee and Säde 2002; Johansson 2000; 
Söderman 2002; Dahan and Srinivasan 2000). Furthermore, Engelbrektsson (2002) and 
Schoormans et al (1995) found that a user's existing product knowledge can compensate for and 
fill in missing Information, thus experienced product users can give more information from 
product representations than Inexperienced product users. This diversity of findings therefore 
suggests that It is unlikely that are definitive rules which determine how much users will 
understand from product representations, as the variables affecting understanding can be the 
users themselves, and their experience; the products presented; the types of product 
representations used, and what is being communicated (i. e. product properties). 
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Rooden's (1999) study compared prototypes with a real product, which resulted in guidelines for 
how to use primitive prototypes with users. However, he suggested presenting computer 
animations, and simulations, which it could be argued, are not primitive prototypes. As these 
were the only example of guidelines found on how to present product representations to users, it 
is clear that further work in generating more accurate and comprehensive guidelines, that relate 
to product properties would be valuable. 
Most noticeably, none of the studies reported investigating users' understanding of rapid 
prototyped models - either painted or unpainted. As this research is proposing that CAD and RP 
can be used to facilitate co-designing there is a clear requirement to understand how users 
perceive these types of representations. A study which addresses this is reported in Chapter 6. 
4.5. Conclusions 
The conclusions drawn from this review are: 
" Co-designing requires users and designers to communicate through product 
representations. People understand products through the process of perception, which is 
a conscious sensory experience of `seeing' a product, and 'recognising' a product. 
" Products are perceived by the senses, particularly through vision and touch. There is a 
debate about whether product related beliefs derive from holistic visual perceptions (using 
Gestalt principles) of the product's form, or from linear processing of one element at a 
time. Both processes can be assumed to occur. Products can be recognised by their 
shapes, using Biederman's 'Recognition by Components' approach. The size of products 
can be perceived through the "familiar size solution. 
" Tactile perception is where a person identifies three dimensional objects by exploring 
them with their hands. Surface textural information is used for object classification, 
feature extraction, and adapting gripping forces. The weight of a product can be 
suggested visually, using visual clues and stored knowledge about the product. 
" Age can affect the perception of products, due to the diminishing of the senses. The 
deterioration in visual perception is the most marked. These changes have important 
implications for designers involving users in the design process, and designers should be 
aware of the main perceptual declines of older users, as this may place limitations on their 
understanding of product representations. 
" People judge products based on their visual appearance, so a product's perceived 
attributes may be more important that it's tangible attributes, i. e. what is really there. 
" Cultural and social forces shape preferences for product form. People's tastes vary due to 
design acumen, prior experience and personality variables. 
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" Cognitive responses to products can include product related beliefs, which are beliefs that 
a person holds about a product and its brand (e. g. wood evoking beliefs of craftsmanship). 
Another cognitive response is categorisation, where people try to understand a product by 
placing it within an existing category. 
" Affective responses to products include aesthetic responses, which are evoked if a person 
likes or loves a product, and negative affects are responses, which evoke negative 
reactions. 
" Studies were reviewed which addressed users' understanding of product representations. 
The findings were conflicting: there appeared to be no 'rules' for which types of product 
representations best communicated product understanding. This was due to variables 
such as the experience of the user; the type of product presented; the type of product 
representation used; and what is being communicated (product properties). 
0 No studies In the literature reported on users' understanding of unpainted and painted RP 
models, indicating that this is an important area where research is needed. 
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S. Research Objectives and Methodological Issues 
5.1. Introduction 
This chapter identifies the objectives and the methodological approach of the research. 
Information is then provided on data collection and data analysis methods that were employed; 
orienting questions are answered and the research strategy is explained. A general overview of 
the methodological issues core to the research is also given. 
5.2. Research objectives 
To begin to address the aims and objectives proposed in Section 1-2, reviews in the areas of user 
involvement in new product development (NPD); product representations as communication tools 
in NPD and users understanding of product representations were conducted (Chapters 2,3 and 
4). Each review was summarised in the Conclusions sections (Section 2.6; Section 3.8; Section 
4.5) at the end of its respective chapter. Each of the reviews raised issues, which have emerged 
into research objectives. Cohen et al (2000) refer to this stage as operationa/isation- the 
translation of a very general research aim into specific concrete objectives to which answers can 
be sought. 
Therefore, the objectives of the proposed research are: 
1. To explore how users relate to digital and computer-based physical product 
representations, typical of those used in the early stages of NPD. 
2. To understand design professionals' opinions and experiences of user involvement; 
product representations and their perceptions of co-designing. 
3. To explore how current product representation technologies can facilitate co-designing 
processes, and make recommendations based on the needs of any future technology. 
4. To determine through exploratory studies, how co-designing can be facilitated through 
the use of product representations. 
S. To explore the value of co-designing in a commercial setting. 
6. To develop recommendations and guidelines to assist design teams in involving users, 
with emphasis on the optimum use of product representations. 
5.3. The methodological stance of this thesis 
It is necessary to identify the methodological stance of this thesis, as the philosophies underlying 
it influenced research strategies, sample sizes, reliability and validity. The research was neither 
solely anti-positivist, nor solely positivist, but instead drew upon combinations of methods from 
both disciplines, as appropriate to the phenomena under study. 
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Anti-positivist methods 
As designing Is a creative activity, using approaches from an anti-positivist (or subjective) 
perspective provided access to instruments and tools for interpreting both the creative behaviour 
of designing, and the points of view of people involved in this process (designers and users). This 
was determined after referring to research texts such as Cohen et al (2000). An anti-positivist 
approach, which is predominantly qualitative in nature, views the world as a much softer, 
personal and humanly created thing, and strives to understand and interpret the world in terms 
of the people in it. It is based upon the notion that the world is best understood from the 
viewpoint of the individuals who are part of the ongoing action being investigated. There are of 
course, criticisms of the qualitative perspective, for example, it has been argued that anti- 
positivist practitioners have gone too far in abandoning scientific procedures of verification. 
Furthermore, is also the issue that interpreting and defining a situation is a product of the 
circumstances in which the researcher is placed. Therefore, an important factor to be considered 
in the design of qualitative research is the power of the researcher to impose their own definitions 
of situations upon participants. 
Positivist methods 
As some of the studies conducted in this research were experimental in nature (i. e. `designed 
experiments'), positivistic tools of data collection and analysis were also used to provide 
understanding. The positivist methods were used to support and complement the anti-positivist 
methods (which can be criticised for being less reliable). Positivistic research is predominantly 
quantitative in nature, and strives for objectivity, measurability, predictability, controllability, 
patterning, and the construction of laws and rules of behaviour. Despite the proven success of 
the scientific method, particularly in the field of natural sciences, it has received criticism for 
failing to take account of the human ability to interpret our experiences and represent them to 
ourselves. A positivistic approach can be unsuitable for understanding people, and their feelings 
and experiences and analysing creative acts of social behaviour, as it treats the world of natural 
phenomena as being hard, real, and external to the individual (Cohen et al 2000). 
So, to conclude, this research draws upon both anti-positivist and positivist methods in a 
complementary way, as appropriate to the particular phenomena under study. 
5.4. Orienting questions 
It was necessary to plan a research methodology to ensure that the project aims and objectives 
presented in Chapter i were met. Following guidance by Cohen et al (2000) and Patton (2002), 
firstly some pragmatic considerations were addressed through answering strategic orienting 
questions: 
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Who is the research for? 
The research in this thesis is Intended to be of use to the following three groups of people: 
1. Firstly, to academic design researchers, through combining reviews within the subject 
areas and providing guidance for future work. 
2. Secondly, to design managers and design practitioners in commercial NPD organisations, 
by providing guidelines and recommendations to assist design teams in co-designing 
activities, with emphasis on the optimum use of product representations. 
3. Thirdly to developers of product representation technologies, by providing suggestions for 
the functionality of future co-designing technologies. 
What is the purpose of the research? 
The purpose of the research is to provide a contribution to knowledge and to demonstrate 
doctoral level research. This will be achieved through addressing the main research aim and 
objectives as described in Section 1-2. 
Which data will answer or illuminate the inquiry questions? 
As the study concerns understanding how design teams and users can work together, qualitative 
data will be collected from these people through interviews, observation and analysis of design 
material produced by them. Quantitative methods which are more experimental in nature, will 
also be used in studies to support and complement the more subjective qualitative data. 
What are the costs involved? 
The costs involved in the research are covered by a Loughborough University Faculty of Social 
Sciences and Humanities research studentship, with additional funding coming through a 
commercial collaboration (reported in Chapter 10). 
What are the timescales? 
The time scale for the research is completion within four years (commencing in October 2001), 
with data collection and analysis being completed after two and a half years to allow time for the 
writing of the thesis. 
S. S. The research strategy 
Section 1.4 illustrates the structure of the thesis. A research strategy was required to provide the 
overall direction for the study and to provide a framework for decision-making and action. As 
suggested by Patton (2002), specific study design and methods decisions are best made within an 
overall strategic framework which considers the design of the inquiry, the data collection methods 
and the data analysis methods. The basis of the design strategy for exploring and learning about 
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co-designing was naturalistic inquiry, which is discussed below, along with purposeful sampling 
and grounded theory. 
5.5.1. Naturalistic Inquiry 
The basis of naturalistic inquiry is that the researcher does not attempt to manipulate the 
participants of the study, and the phenomenon of interest unfolds naturally in that it has no pre- 
established course (as would be the case in a laboratory or other controlled setting). 
Observations take place In real-world settings and people are interviewed with open-ended 
questions in places and under conditions that are familiar to them (Erlandson et al 1993, Patton 
2002). Uncoln and Guba (1985) defined naturalistic inquiry as a "discovery oriented" approach 
that minimises investigator manipulation of the study setting and places no prior constraints on 
what the outcomes of the research will be. 
The research In this thesis could not take a purely naturalistic approach, as pragmatic 
considerations had to be Imposed. For example, interviews and observations had to take place In 
an artificial `staged' environment, usually unfamiliar to the participants. Certain constraints also 
had to be Imposed on the outcomes of the research, in terms of the costs Involving In recruiting 
participants and running design sessions. Furthermore, some of the studies conducted were 
essentially experimental in nature, and thus were conducted In controlled settings. Despite these 
constraints however, the general rules of naturalistic Inquiry were followed for exploring co- 
designing, with the results of individual studies unfolding and leading into subsequent studies. 
5.5.2. Purposive Sampling 
Central to naturalistic research is purposive sampling, where the main concern Is not to generalise 
the findings of the study to broad populations but to maximise the discovery of the patterns and 
problems that occur in the context under study. The basis of using purposive sampling is to 
select information rich cases for in-depth study to facilitate learning about the issues of 
importance (Erlandson et al 1993, Patton 2002). By "case study', the case is the situation, 
individual, group or organisation or whatever it Is that the researcher is interested in (Robson 
2002). Erlandson et al (1993 p83) state "the basic rule [ofpurposive sampling] is that there are 
no rules for sample size' Quality is considered more important than quantity in qualitative 
research, and information richness Is preferred over information volume. If using small 
purposive, not over generalised samples throughout the research, criticisms of inadequate sample 
sizes can be answered. Throughout the course of this research, purposive sampling was 
employed, both in the selection of participants within studies, and the selection of a collaborative 
organisation with whom to work. According to Eisenhardt (2002), researchers should stop adding 
cases when saturation is reached. Saturation is the point at which incremental learning is 
minimal because the researchers are observing phenomena seen before (Glaser and Strauss 
1967). As is often the case, theoretical saturation Is combined with the pragmatic considerations 
of time and cost. 
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5.5.3. Grounded Theory 
Grounded theory focuses on the process of generating theory (Patton 2002). There has been 
much discussion in the qualitative research literature about theory development, e. g. Glaser and 
Strauss (1967), Glaser (1978), Strauss and Corbin (1998). The basis of grounded theory is that 
as the researcher progresses through individual empirical research studies, the understanding, 
emerges and can be grounded in the empirical data. While grounded theory is often used as an 
approach to qualitative inquiry, it consists of quite specific methods and systematic procedures 
e. g. coding procedures (Glaser 1978). 
Eisenhardt (2002) has argued that there has been a lack of clarity about the process of actually 
building theory from cases, and in doing so, has brought together the ideas of grounded theory 
from Glaser and Strauss (1967), and more recently Strauss (1987) and combined them with the 
work of qualitative methodologists such as Miles & Huberman (1984) and case-study researchers 
e. g. Yin (1984) to present a roadmap for building theory from case study research. This 
approach of combining the philosophies of key thinkers was considered particularly appropriate 
for providing the understanding of co-designing reported in this thesis. Table 5-1 shows the 
contribution of the key thinkers identified above, in allowing Eisenhardt (2002) to develop a road 
map for building theories from case study research. 
Table 5-1: Key thinkers' contributions to building theories from case study research 
Key thinkers Contribution 
Glaser and Strauss (1967) Documented their comparative method for developing grounded theory, 
Strauss (1987) which relies on the continuous comparison of data and theory beginning with 
data collection. 
Emphasises the fact that theoretical categories emerge only from evidence. 
Recognised that case selection and data gathering require incremental 
approaches. 
Yin (1984) Described the design of case study research as a research strategy and 
emphasised the concerns of validity and reliability in case study research. 
Miles and Huberman (1984) Outlined specific techniques for analysing qualitative data in the form of 
tabular displays, without destroying the meaning of the data through 
intensive coding. 
One of the features of research which builds theory from case studies is the overlap of data 
analysis with data collection, as synonymous with grounded theory. This gives the researcher a 
head start in analysis, and allows researchers to take advantage of flexible data collection, by 
making adjustments during the data collection process (Eisenhardt 2002). 
5.6. Data collection 
Many of the findings in this thesis are qualitative in nature. Drawing upon Patton's (2002) 
framework for collecting qualitative data, the findings will be based on three main types of data 
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collection: in-depth semi-structured interviews; direct observation; and written, drawn and 
modelled design material and documents. In addition to these methods of data collection, 
quantitative data will also be collected through the use of questionnaires with standardised scales 
for marking responses. 
5.6.1. Semi-structured interviews 
Data collected from semi-structured interviews will include direct quotations from designers and 
users about their experiences, opinions, feelings and knowledge. The interview guide approach, 
as suggested by Cohen et al (2000) is considered suitable for this research as issues to be 
covered are specified in advance in outline form. The interviewer then decides the sequence and 
wording of the questions during the course of the interview. This allows a degree of flexibility, as 
new themes for questioning can be introduced as appropriate. 
5.6.2. Direct observation 
Data collected from direct observation will include detailed descriptions of users' and designers' 
activities, behaviours, actions, and Interpersonal interactions. This can be done by capturing 
design activity on video camera, to be analysed after the event, and by the researcher observing 
participants firsthand and noting observations. Lincoln and Guba (1985) suggest a variety of 
different types of observation, including notes made on specific predetermined themes (e. g. that 
have arisen through grounded theory); debriefing questionnaires from respondents devised by 
the researcher to remind them of information after the event; and ongoing notes, transcribed 
verbatim or categorised in situ. These methods are considered to be appropriate for the research 
reported here, allowing the researcher to both observe behaviour, and observe her own 
behaviour (if taking the role of designer-researcher). 
5.6.3. Written, drawn and modelled design material and documents 
Data collected from written, drawn and modelled design material and documents will include 
open-ended written responses to questionnaires; design sheets (produced by users) and models 
(produced by users and designers). To collect quantitative data from questionnaires, ranking and 
rating scales can be used. Ranking scales ask participants to specify priorities (Cohen et al 2000). 
Semantic differential rating scales operate by putting an adjective at one end of the scale and its 
opposite at the other (Cohen et al 2000). 
5.7. Data analysis 
This research is predominantly through within-case and cross-case analysis. Within-case analysis 
involves detailed case study write-ups for each case, with the overall aim to become familiar with 
each case as a stand alone entity (Eisenhardt 2002). Following in-case analysis, a cross-search 
for patterns emerges. The data collected from the research is looked at in divergent ways, to 
counteract the possibility of reaching premature and false conclusions as a result of leaping to 
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conclusions based on limited data, or being overly influenced by the vividness or inadvertently 
dropping disconfirming evidence. According to Eisenhardt (2002), one tactic is to select 
categories and then to look for within-group similarities and inter-group differences. Another 
strategy, is to analyse the data by data source, thus exploiting the unique insights possible from 
different types of data collection. The sometimes conflicting evidence is important, as it can 
instigate a deeper probing into the meaning of the differences. Likewise, when a pattern is 
corroborated by evidence from two different data sources, this provides a stronger finding which 
is better grounded. Following within-case and cross-case comparisons, overall impressions, 
tentative themes and concepts then begin to emerge. By iteratively comparing the theory with 
the data, understanding of phenomena can emerge which closely fits the data. 
As an essential part of theory building It was necessary to compare the emergent concepts with 
the existing literature, to discover what it was similar to, what it contradicted and why. It was 
important to do this, as ignoring any conflicting research could reduce confidence in the findings, 
e. g. through internal validity by assuming that the results were incorrect, or as a challenge to 
generalisability by assuming that the results are idiosyncratic to the specific cases in the study. 
Furthermore, conflicting literature presented an opportunity for entering a different mode of 
thinking that might not have otherwise been possible. This resulted in deeper insights both In the 
emergent theory, and sharpened the limits to generalisability of the focal research. Chapters 2,3 
and 4 presented the relevant literature for this thesis. In order to compare the emergent 
concepts with this literature, contrasts and comparisons were drawn and documented in the 
discussion sections of the chapters. 
Content analysis 
The method of content analysis claims to offer an objective, systematic and quantitative analysis 
of documentary content, and as such, is considered appropriate for analysing the design material 
produced by users during co-designing. Content analysis can indicate for example, the 
importance of design features proposed by users through sketches and models in co-designing. 
Content analysis involves counting the number of occurrences of particular data, thus indicating 
the importance of such data. By using clear pre-decided categories, this means that In principle, 
different analysts using the same categories and rules would obtain identical results from the 
analysis of any given body of data, thus minimising the influence of the individual analyst's 
disposition and preconceptions (Ball and Smith 1992). A drawback of content analysis however, 
is that it is limited to what is expressly communicated, rather than just telling us why it was 
communicated, and its latent or hidden dimensions (Ball and Smith 1992). Therefore is may be 
useful to also look at verbal and body language, to learn why particular features are more 
important. 
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5.8. Establishing trustworthiness 
The trustworthiness of findings from flexible qualitative research has been the subject of much 
debate, as flexible design has been criticised for the absence of 'standard' means of assuring 
reliability and validity, such as checking inter-observer agreement or the use of quantitative 
measurement (Robson 2002). To address any criticisms regarding the trustworthiness of the 
findings, the concepts of generalisability and validity will be considered in the context of 
qualitative research. For a full explanation of these, see Robson (2002). A brief summary is 
provided below: 
Generalisability 
Genera lisability Is the extent to which the findings of the enquiry are more generally applicable 
outside the specifics of the situation studied. Internal generalisability refers to the generalisability 
of conclusions within the setting studied, e. g. people Interviewed or situations explored. External 
generalisability is generalisability beyond that setting (Robson 2002). 
Validity 
Validity is concerned with whether the findings are 'really' about what they appear to be about. 
There are three threats to validity, adapted from Robson (2002) and summarised below: 
" Description - the main threat to providing a valid description of what is seen or heard 
lies in the inaccuracy or incompleteness of the data. 
" Interpretation - the main threat to providing a valid interpretation is that of imposing a 
framework or meaning on what is happening rather than this occurring or emerging from 
what is learnt during Involvement with the setting. 
" Theory - the main threat is not considering alternative explanations or understandings of 
the phenomena being studied. 
In response to these threats, the strategy of triangulation is used. This involves the use of 
multiple sources to increase the rigour of the research, either by the use of more than one 
method of data collection, or combining qualitative and quantitative data collection. Triangulation 
however, can reveal discrepancies between the different sources (Robson 2002). 
5.9. Conclusions 
In conclusion of this chapter, the research design can be summarised as follows: 
" The research objectives have emerged through reviewing the areas of user involvement in 
NPD, product representations as communication tools in NPD, and users' understanding of 
product representations. 
" The methodological stance of this thesis is to draw upon combinations of methods from 
both anti-positivist and positivist disciplines, as appropriate to the phenomena under 
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study. This approach is taken because anti-positivist approaches are suitable for 
understanding people such as users and designers, and their feelings and experiences, 
whereas positivist approaches are more appropriate for'designed experiment' studies. 
" Pragmatic issues and orienting questions concerning the research audience, the research 
purpose, types of data collected, costs and timescales have been addressed. 
" The basis of the research strategy is naturalistic inquiry, which makes use of purposive 
sampling (using "information-rich" cases for in-depth study, rather than over-generalising) 
and grounded theory, where the knowledge emerges through the research and is 
grounded in empirical data. 
" Both anti-positivist and positivist data collection methods will be used. These include in- 
depth semi-structured interviews; direct observation and written, drawn and modelled 
design material and documents; and ranking and rating questionnaires with standardised 
scales for marking responses. 
" Data will be analysed through within-case analysis (detailed write-ups of each case) to 
become familiar with each case as a standalone entity, and through cross-case analysis to 
look for similarities and differences. Emergent themes will be compared with the existing 
literature to discover what It was similar to, what it contradicted, and why. 
Efforts will be made to ensure generalisability, i. e. that the findings are generally 
applicable outside the specifics of the situation studied. 
" Threats to validity, f. e. whether the findings are really what they appear to be about will 
be addressed through triangulating data collection and analysis sources. 
The following chapter begins the investigation by addressing how users relate to digital and 
computer-based physical product representations, typical of those used in the early stages of 
NPD. 
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A Study to Explore Users' 
Understanding of Computer- 
Based Product Representations 
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6. A study to explore users' understanding of computer- 
based product representations 
6.1. Introduction 
It has been established through the reviews (Chapters 2,3 and 4) that there was a lack of 
detailed guidelines about how users perceive and understand physical and digital computer-based 
product representations. To start to gather knowledge to formulate such guidelines, it was 
necessary to explore how users relate to digital and computer-based physical product 
representations, typical of those used in the early stages of NPD. The study reported in this 
chapter addresses Objective 1, as stated in Section 1.2. 
6.1.1. Rationale 
It has been identified in the literature that the early stages of the design process hold the most 
potential for reducing lead times and improving design quality (Section 2.2). Additionally, 
adopting an inclusive approach, through involving a range of users has been identified as another 
way by which companies can produce more successful products (Section 2.3.1). To facilitate 
collaboration in the design process, it is proposed that designers and users need to communicate 
on the basis of a shared understanding. Computer-based product representations in the form of 
digital images and RP models have been suggested as a means of achieving this by acting as 
mediating objects, between design teams and users, while taking advantage of the time and cost 
savings available from digital product representation technologies. 
Establishing the usability of a product is a key component to making a product pleasurable to use, 
but it is not known if usability can be established solely from an on-screen digital product 
representation. Other factors influence the pleasurability of a design, e. g. the aesthetics 
elements of a product, and the experiential associations that users attribute to particular aesthetic 
properties, such as form, colour and tactile properties (Jordan 2002). This therefore raises the 
question: how do users perceive usability and emotional qualities of a product through digital 
representations? Additionally, digital Images derived from CAD data can be presented In a 
number of formats, for example, as rendered computer models or 2D drawings. The CAD model 
itself can be used as a digital representation, in several formats of varying complexity e. g. a solid 
CAD model - shaded or rendered, or a wireframe model. RP models can be in various states of 
finish, e. g. unpainted, not smoothed, painted, smoothed. The question is how users perceive a 
product represented by these different formats, and does the degree of realism and completeness 
of the representation affect users' understanding of the product? Furthermore, can a digital 
model can be used Independently of a physical model? 
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In order for designers to communicate future products to users through computer-based product 
representations, guidelines are needed to help designers select and present different types of 
computer-based product representations to optimally communicate physical and emotional 
product properties. This study begins to generate these guidelines. 
6.1.2. Aim and objectives of the study 
The main aim of the exploratory study was to investigate how users relate to digital and physical 
computer-based product representations, typical of those used in the early design stages. This 
was used as a starting point to generate knowledge to inform subsequent studies as part of this 
research. 
The specific objectives of the study were to: 
" Gain an understanding of how users perceive product representations of the same 
product, when presented with it as on-screen digital images and physical RP models of 
varying complexity. 
Investigate how different formats of computer-based product representation communicate 
tangible product properties to users, such as physical properties, Including usability and 
ergonomic issues. 
Investigate how different formats of computer-based product representations 
communicate less tangible product properties to users, such as emotional and experiential 
issues related to pleasure in use, aesthetics, image and personality. 
Investigate how users perceive computer-based product representations, compared to the 
real product that they represent. 
Establish if digital representations can be used independently of physical representations. 
These objectives were met through the collection and analysis of empirical data. An experimental 
study was designed and conducted to establish to what extent computer-based product 
representations of varying complexity can effectively communicate a product to users. In 
Chapter 3, product representations were discussed under the titles of `digital product 
representations' and 'physical product representations'. As physical RP models originate from 3D 
CAD data, the physical models and digital images in this study are referred to collectively as 
"computer-based product representations". 
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6.2. Study Design 
6.2.1. Sampling strategy 
It was decided to use participants over the age of 50. The three reasons for this were: 
1. The benefits of adopting an inclusive approach have already been identified in the 
literature. Older users were more likely to experience problems with products due to 
changes in the body associated with the ageing process e. g. diminishing eyesight and 
tactility. An older user's ability to use a product is therefore a good indicator of its 
inclusiveness and suitability for a wide range of users. 
2. The products chosen for this study, which were small hand gardening tools are widely 
used by older users as gardening is a hobby popular with older people (Mintel 2001). 
3. The study involved viewing product representations on a laptop computer screen. It was 
therefore considered to be interesting to see how older users experienced viewing 
product representations in this (perhaps unfamiliar) way, and could indicate how co- 
designing could be facilitated with older users. 
A purposive sampling strategy was used. Participants (n=13) were selected on the basis of their 
age being over 50 or over, and having an interest in, although not necessarily experience of 
gardening. The aim was also to have a balance of users with experience viewing computer 
screens, and users with no such experience. Participants were recruited through advertisements 
placed around the university (Appendix 2-1). 
6.2.2. Selection of products 
Small hand held gardening tools were a suitable product for the study with users over the age of 
50, due to the above average participation In gardening in later life (Mintel 2001). A basic hand- 
held gardening fork, and a more complex folding pruning saw with different materials and moving 
parts were selected (Table 6-1). The products were relatively easy to model in CAD software, 
and produce as RP models due to their small size and few moving parts. To use these types of 
garden products Involves holding, gripping, force exertion and manipulation, making it possible 
for users to consider a range of use activities and product properties. 
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Table 6-1: Summary of the products' physical properties 
Product Hand Fork Pruning Saw Property 
4900Aýý 
Function 
Size 
Weight 
Materials 
Colour 
Design 
Features 
Cost 
t40 
Digging and aerating small areas of Sawing small branches 
garden 
300mm long 220mm dosed 
2209 
Plastic handle with waxy texture; 
Pressed steel tines with pitted 
texture 
Leaf green handle; 
Silver/grey tines and stem 
200g 
Yellow plastic handle with black 
rubber cover; 
Metal blade with smooth mirror 
finish 
Yellow and black handle; 
Silver reflective blade 
Stem welded to prongs; 
Stem pushed and glued inside 
handle; Hanging hole 
£0.95 
Blade folds into handle; 
Blade released by pressing black 
button; 
Ridges and finger recess for grip; 
Indentation for label; double 
serrated blade 
£7.00 
6.2.3. Product representations 
Five different product representations of increasing complexity were produced for each product 
from the same solid CAD model (Table 6-2). 
The 2D line drawings were exported from the CAD data; the grey rendered 3D solid models 
represented how the CAD models looked while being modelled by a designer; and the 3D 
rendered solid CAD models, represented a finished presentation output. With regards to the 3D 
rendered pruning saw, three images were shown at once on the same screen, to show the blade 
closed, half open and fully open (see Appendix 2-2 for these images). Two physical models were 
produced for each product, using the rapid prototyping process of Stereolithography (Section 
3.6): one model remained in its unfinished state i. e., not smoothed or painted; and one model 
was considered 'finished' as it was smoothed and painted. 
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Table 6-2: Product representations of the hand fork and pruning saw 
Format of Hand Fork Pruning Saw Representation 
2D Line COT: -_ Drawing 
(produced from 
3D CAD model) 
3D Grey 
shaded 
(3D solid model 
shaded grey) 
3D Colour 
Rendered 
(with lights, 
shadows and 
texture) 
ý` 
,_ 
RP unfinished 
(rough and 
unpainted) 
RP finished 
(smooth and 
painted) 
11 
i 
! -ý 
jmw. 
_im 
The representations were produced as 3D CAD models by manually reverse engineering the 
existing products, using Pro/ENGINEER® (Pro/ENGINEER 2004) and Solidworks® (Solidworks 
2004) software. The brand names were omitted from the representations to save time in 
producing the renderings, and to allow the participants to focus on discussing what they actually 
saw in the representations themselves, rather than on how they thought products of a particular 
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brand would appear. Unfortunately there were some unavoidable technical problems with the RP 
modelling process: 
" The unfinished RP model of the fork was not produced as a solid RP model, as in error it 
was constructed by a time and material saving method, which produced an internal 
honeycombed structure. Consequently, this model was extremely lightweight and fragile, 
but time constraints did not permit another model to be made. 
" The RP models of the pruning saw did not have blade, due to concerns with participant 
safety. 
6.2.4. Product properties 
Products may be characterised by their physical and emotional properties (see Section 3.2.1). To 
structure interviews, a list of product properties was devised, based on the author's judgements 
of the most important properties of a small hand gardening tool (Table 6-3). 
Table 6-3: Physical and emotional product properties 
Physical product properties Explanation 
Function What the product is designed to do 
Size Geometry, dimensions, scale, proportion 
Weight Heaviness, balance, centre of gravity 
Surface Properties Materials, texture, thermal qualities 
Colour Colour of parts 
Emotional product properties Explanation 
Quality Perceived quality 
Cost Perceived value 
Personality e. g. cute, friendly, dull 
Desirability Status in ownership, values 
Aesthetic appeal e. g. pleasure in use 
Previous use, familiarity and need Previous experience of the product 
6.2.5. Data Collection 
A combination of qualitative and quantitative data was collected from the sessions. Each session 
was video-recorded as a memory aid for the author. To minimise the envisaged learning effect 
from using two products, they were presented to participants in a balanced order (Table 6-4). 
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Table 6-4: Order of presentation of products, by participant 
Group Participant No. Product Shown First Product Shown Second 
A 1,3,5,7,9,11,13 Fork (all representations) Saw (all representations) 
B 2,4,6,8,10,12 Saw (all representations) Fork (all representations) 
Development of the interview guides and questionnaires 
Interview pro-formas were designed for each part of the study, following guidance from Cohen et 
al (2000): 
" Description of study and participant consent form - These forms were based on the 
templates provided by the Loughborough University Ethical Advisory Committee 
(Appendices 2-3 and 2-4) (LUEAC 2004). 
" Introductory interview questionnaire - This questionnaire gathered information 
about the participants, e. g. age; previous and present computer usage; and ability to view 
colour images on a laptop computer screen comfortably when wearing normal vision 
correction (Appendix 2-5), 
" Product properties questionnaire - This questionnaire was developed around the 
properties in Table 6-3, was used as a basis for questioning. The style of questioning was 
open-ended to allow participants to fully express themselves (Appendix 2-6). 
" Product personality questionnaire - To help to uncover emotional responses to the 
products, a product personality questionnaire was devised. Product personality profiling is 
a projective technique that provides an insight into "who" the user perceives to be the 
target customer. Participants are asked to imagine a product as a person and provide 
information regarding its character (e. g. friendly, approachable, angry). The questionnaire 
was based upon a format presented in Bruseberg and McDonagh-Philp (2001) (Appendix 
2-7). 
Ranking the realism of product representations - The concept of realism was 
considered in terms of six product properties (function, materials, weight, size, usability 
and quality). Participants ranked the product representations in order of how much they 
communicated each particular property (where 1=least realistic to 5=most realistic). The 
rankings were recorded on a questionnaire (Appendix 2-8). 
" De-brief questionnaire - To check that participants did not feel tired, bored or that the 
trial was too demanding, a short de-brief questionnaire was developed which allowed 
participants to rate on a scale of low to high how they felt they were performing (Appendix 
2-9). The questionnaire adapted the subscales as used by the NASA TLX subjective 
workload assessment tool -a widely used tool for assessing cognitive workload, and often 
used on operators working with various human machine systems (Hart and Staveland 
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1988). The subscales of mental demands, physical demands, temporal demands, own 
performance, effort and frustration were considered to be appropriate dimensions on 
which to check how participants felt during the study. The ratings were not weighted (as 
would normally be, if the NASA TLX is used in a formal way), as the questionnaire was 
intended to provide an overview of how the participant felt, rather than produce formal 
workload scores. 
Pilot trials were conducted with three participants (aged 39,24,22) to practice the interviewing 
technique, and to check the performance of the questionnaires regarding layout, wording and 
suitability. Amendments and improvements were made as necessary. 
6.2.6. Procedure 
Individual participants took part in 90 minute sessions. This allowed them to give in-depth 
responses, without being influenced by other participants. The trial procedure is briefly described 
below. Refer to Cain et al (2002) for further detail and Appendix 1 for the pro-formas. 
1. The participant was welcomed and the content of the session was explained (Appendix 
2-3). A consent form was signed (Appendix 2-4), and the introductory interview was 
conducted (Appendix 2-5). 
2. The product representations (Table 6-2) were then shown one by one to each participant 
on a laptop computer. A video camera recorded the responses to assist in later analysis, 
and the researcher supplemented this by making notes on the pro forma (Appendix 2-6). 
As the participants progressed through the representations, adjustments were made to 
the questioning as appropriate. For example, if the participant correctly identified the 
function of the product from the first representation, then it was not necessary to ask this 
question with subsequent representations. When presented with the RP representations, 
participants were free to handle the physical models in any way they wished, e. g. by 
mimicking the way in which they perceived the product would be used (Figure 6-1). 
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Figure 6-1: Participant examining painted RP model of the pruning saw 
To assist participants in describing size, weight, materials and textures, reference aids 
were provided. These were products with familiar weights: a 1kg bag of sugar; a 500g 
bag of rice; and a 100g bar of chocolate. A'texture board' contained samples of 
materials and textures (Figure 6-2). 
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Figure 6-2: Familiar weighted products and the 'texture board' 
3. After viewing and handling all the product representations, participants were asked to 
describe the perceived 'personality' of the fork and the pruning saw by using six 
adjectives (Appendix 2-7). 
4. The participants were given the real fork and saw to handle. Their immediate responses 
to the products were video-recorded and they were prompted to discuss the differences 
between the real products and the product representations. 
5. The concept of realism was then considered in terms of six product properties (function, 
materials, weight, size, ease-of-use and quality). Considering each product in turn, 
participants ranked the five representations in terms of how much they communicated 
each particular property. This was done by placing printouts of the representations in 
order of their realism, from 1 (least realistic) to 5 (most realistic). The rankings were 
recorded on the'Ranking the realism of product properties' questionnaire (Appendix 2-8). 
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6. The de-brief questionnaire was completed (Appendix 2-9) and participants' subjective 
views of the sessions in terms of any discomfort or difficulties in viewing the 
representations were noted. Participants were then thanked for their time and payment 
forms were completed. 
6.2.7. Data Analysis 
Qualitative data analysis 
Participants' comments from the video footage were analysed by looking at similarities and 
differences between participants and counting the frequency that particular opinions were stated. 
In presenting the qualitative data, wherever possible the richness of the data was maintained by 
including observations of the participants' behaviour, and using participants' quotations. To avoid 
falling into the trap of `anecdotalism' (Silverman 2001), where quotations from participants have 
been included, the percentage of participants who also made the same comment was included. 
The quotations selected are those which best illustrate the point being presented (Erlandson et at 
1993). 
Quantitative data analysis 
The quantitative data collected in the trials were ranked data. Due to the small sample size 
(n=13), non-parametric tests were used. The Kruskal-Wallis statistical test was applied to test if 
the differences between the rankings for the realism of the product representations for different 
product properties were statistically significant (i. e. had not occurred due to chance). The Mann 
Whitney post hoc test was then used to compare pairs of representations to determine where the 
significant differences lay. This required 10 different tests for each product property. The more 
tests conducted, the greater the chance of obtaining a statistic that will be interpreted as 
significant, when It is not -a Type I error (Hammond 1995; Hinton 1995). To account for this, a 
Bonferroni correction was applied to the probability level (Hammond 1995). The probability level 
p: 50.05 was divided by the number of tests (10) to give a probability level of p:! A005. Statistical 
analysis software (SPSS) was used to perform the analyses. 
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6.3. Results 
Thirteen participants took part in the trials (Table 6-5). 54% of participants reported some 
previous experience of viewing 3D computer graphics, 46% had none. None of the participants 
reported any deficiencies in viewing colour. 
Table 6-5: Sample size, mean, range, SD and minimum and maximum ages of the participants (n=13) 
N Mean Range SD Minimum Maximum 
Female Age 7 59.59 25 9.14 50 75 
Male Age 6 60.67 28 10.60 50 78 
6.3.1. Perception of product properties from computer-based product 
representations 
Function 
All participants recognised the gardening fork and were able to clearly describe its function as 
early as the 2D line drawing. In contrast, only 69% of participants correctly identified the 
pruning saw from the 2D line drawing increasing to 85% with the 3D colour image. Even when 
shown both RP models of the pruning saw, participants were unsure of its use "it's a mock-up, it 
doesn't work; although they were able to recognise that it was some kind of knife. Although just 
over half of the participants (53%) had never used a pruning saw before, interestingly, 71% were 
still able to identify it as a tool for sawing branches at some point during the trial, even though 
they did not specifically refer to it as a pruning saw. 
Size 
Just over half of the participants underestimated the size of the fork from the 2D line drawing and 
there was increasing uncertainty through to the 3D grey shaded and colour images. When 
presented with the RP models, half of the participants thought it was bigger than they expected 
from the images. Considering the pruning saw, only 15% of participants correctly estimated its 
size from the 2D line drawing, 30% from the 3D grey shaded image and only 8% from the colour 
image. Comments were that the saw "looked different sires in different pictures" and it looked 
smallon screen' In fact, when presented with the RP unfinished model, 69% of participants 
commented that it looked larger than they had imagined on screen. Interestingly, half of the 
participants thought that the finished pruning saw RP model was a different size to the unfinished 
model, although they were identical. 
Weight 
Only 8% of participants were able to estimate the weight of the fork correctly from the 2D line 
drawing, the tendency being to over-estimate. This did not improve with the 3D grey shaded 
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Image, but Increased to 23% correctly estimating the weight with the 3D colour Image. When 
presented with the RP models, all participants commented that the product was lighter than they 
had imagined, and felt that the images didn't indicate this "it looked heavier on the screen, I 
couldn't use this in the garden': Concerning the pruning saw, approximately half of the 
participants overestimated Its weight from the 2D line drawing, 3D grey shaded and 3D colour 
images. With the unfinished RP model, 38% commented that it was heavier than they imagined. 
As with `size' more than half of the participants (61%) thought that the two RP models were 
different weights. One comment was that 'the black makes it feel heavier -It's amazing' 
Surface Properties 
15% of participants were unable to tell what materials the fork was made from using the 2D line 
drawing but the majority of users were able to take a guess from their previous experiences, i. e. 
metal or wood handle with metal prongs. The 3D grey shaded image strongly influenced 
participants (92%) to believe that the fork and handle were made of some kind of metal "it looks 
aluminium by tone' The 3D colour Image changed perceptions once again with approximately 
half of participants believing the handle to be made of plastic, increasing to 62% when presented 
with both of the RP models. 85% also commented on the rough bumpy texture of the prongs. 
In considering the pruning saw, there were mixed views as to whether the materials were metal 
or plastic, when shown the 2D line drawing. However, when presented with the 3D grey shaded 
image, the majority (84%) correctly believed it was made of plastic, with 46% even believing that 
the blade was plastic. The 3D colour image confused participants, with 23% perceiving that the 
handle could be plastic or metal. Surprisingly, when shown the RP models, participants were 
further confused about the materials that the saw handle could be made from, and focussed 
Instead on the actual materials of the model, i. e. resin for the unfinished model, and painted 
wood for the finished model. 
Colour 
As would be expected, half of the participants were unable to say what colour the fork was from 
the 2D line drawing, but interestingly the other half felt able to suggest what colours it might be, 
even though no colour was on the representation. With the 3D grey shaded model and the 3D 
colour model (where the colours were obvious), participants offered several opinions on the 
suitability of the colour "the co/our doesn't really soya lot for it' The lack of colour on the 
unpainted RP model confused participants with 62% expressing a dislike for it. When shown the 
finished RP model, 75% of participants thought that it was the 3D colour image shown on the 
screen, while the remainder thought that the painted model looked like a better product than that 
shown on the screen. 
As expected, participants did not comment on the colour of the pruning saw from the 2D line 
drawing, but once again, were happy to suggest colours that it could be. Only 15% of 
103 
participants realised that the colour of the 3D grey shaded pruning saw did not represent the true 
colour of the product, and comments largely consisted of negativities to do with the colour, "I 
wouldn't buy it in that co%our". The 3D colour image elicited positive comments from over half of 
the participants (62%), whereas the unpainted RP model elicited negative comments from nearly 
all participants (92%): "ugly'; 'non-desarpt; "insipid"and "didn't conveymuchn. Surprisingly, 
only a few participants actually realised that the model was not the real product. The majority of 
reactions to the painted RP model of the saw were positive, with a third of participants believing 
that the colours were similar to those on the screen. 
Design Features 
Two thirds of participants were able to identify perceived problems with the design of the fork as 
early as the 2D line drawing, increasing to 77% when shown the 3D grey shaded image. 
Problems identified included too much curvature of the prongs, lack of grip on the handle, the 
length of the handle and general flimsiness. No further design problems were identified by the 
participants when presented with the RP models. Regarding the less familiar pruning saw, all 
participants were able to identify the different parts of the saw from the 2D line drawing (e. g. 
handle, blade), but the majority were unable to comment specifically about usability and design 
features, apart from care being needed with the blade. This was also the case with the 3D grey 
shaded Image, but In addition, the sturdiness of the saw was brought into question. It wasn't 
until participants were shown the RP models that the majority of participants were able to 
comment on features of the design. Perceived problems with the handle included being too large 
for the female hand; that the curved shape being uncomfortable to hold; and the fact that the 
serrations could cause blisters on older hands. Suggested improvements were that the design 
could benefit from a raised portion for the thumb; a rubberised grip and a less curved shape. 
Quality, desirability, aesthetic appeal 
92% of participants commented that the fork was not of high quality from the 2D line drawing, 
however when shown the 3D grey shaded model, 46% thought it looked of high quality and 
expensive, '%ike stainless steel". Yet, when shown the 3D colour image, over half (62%) decided 
that the fork was of poor quality again. The fork was also perceived to be of poor quality from 
both of the RP models. Participants once again were keen to remark on the RP models 
themselves, commenting that the finished RP model looked better than the unfinished model. 
The negative comments were that it was "nothing special,, basic and mass produced, "no 
attention to detail"and "cheap". The pruning saw was considered to be high quality by 62% of 
participants from both the 2D line drawing and the 3D grey shaded model, the biggest reason for 
this being the double serrated blade. In viewing the 3D colour image, 92% of participants had 
positive comments about the quality of the saw, reporting that it looked professional and 
expensive. When presented with the RP models, the majority of participants had positive 
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comments to do with strength and quality, although the quality of the finish of the models was 
brought into question. 
Describing product personality with adjectives 
Participants were asked to give six adjectives that described the personality of each of the actual 
products, but the majority of participants were only able to provide four words. It was observed 
that the participants struggled to think of descriptors of product personality without prompting, 
and many appeared to feel under pressure, with several stating that they didn't want to "sound 
stupid' In comparison to the style of questioning used in the first part of the trial, in which 
participants freely talked about the products, it was evident that participants needed 
encouragement and gentle prompting. Generally, participants did not give adjectives which could 
be considered to describe personality (e. g. boring; exciting; friendly) but used adjectives which 
described the product literally, or simply stated its function and usability (e. g. comfortable to 
hold; long handle; useful; metallic). 
Using a classification devised by the author, the adjectives were classified in the following way: 
positive and negative adjectives attributed good and bad qualities to the product; impartial 
adjectives were descriptors which were neither good nor bad; and literal adjectives were words 
which described literally, the physical form of the product. The results are described by product: 
Fork -a total of 54 adjectives were used by the thirteen participants (some adjectives 
were used more than once). Just under half of these (46%) were negative adjectives, with 
the word 'chwp'being given five times and the word 'flimsy three times. 20% of the 
adjectives given were of a positive nature, and concerned the 'usefulness'of the product, 
and the comfortable, easy to hold handle. 19% of adjectives were impartial, and 15% 
described the product literally. 
Pruning saw - 61 adjectives were given. Two thirds of adjectives given were of a 
positive nature (66%). 13 of these were to do with the saw's perceived usefulness, 
functionality and practicality. Other recurring adjectives concerned the comfortable 
handle, safety, sturdiness, desirability and pleasing aesthetics. Interestingly, only one 
negative adjective was given for the saw (2%): 'notlesta lifetime'. 21% of adjectives 
were impartial, and 11% described the product literally. 
6.3.2. De-brief 
Participants generally perceived their mental, physical and frustration levels to be low and felt 
little pressure to perform. These were all good indicators and showed that participants were 
comfortable with what was being asked of them and the rate at which the trial moved. 
Participants also felt that answering the questions did not require too much effort (Figure 6-3). 
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Figure 6-3: Participants' perceived mean levels of mental and physical activity, pressure, effort, performance 
and frustration (n=13). 
6.3.3. Reactions to the actual products 
When the participants were presented with the actual products, it was observed that they 
became quite animated and were keen to talk about the differences between the representations 
and the real products with little need for prompting. Their comments are described in terms of 
three distinct themes: physical properties; cost; and the differences between the actual products 
and the models. 
Physical Properties 
There were mixed reactions when participants were presented with the actual gardening 
products. The majority of participants showed surprise that the fork was better and stronger 
than they had imagined, and commented that they would definitely consider buying it if they 
needed one, 7he quality is much higher than anything else I ve seen so far, induding the ones on 
the screen. It actually looks finished': However, negative opinions were also expressed, 
particularly concerning too much curvature of the prongs, leading participants to suggest that the 
only way they could use it would be backwards. It was commented that the handle was actually 
more comfortable than had initially been thought. Interestingly, an oversight in the CAD 
modelling process had meant that the handle had not been tapered exactly as much as it should 
have been, which may have affected the participants' perceptions of the product's comfort in use. 
Participants were generally of the opinion that the actual pruning saw was a high quality product, 
and in the majority of cases, the brand name was given as a reason for changing perceptions of 
quality, "Seeing its Stanley, rd be more inclined to buy it° The tactility of the rubber handle was 
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also commented upon as being a major benefit of the product, "It'sgota rubber handle. I 
couldn't tell that from the drawings; and the blade was also perceived to be of high quality. 
There were very few negative reactions to the actual saw. Regarding weight, in general, 
participants found that the actual fork was heavier than they had been expecting, whereas the 
actual pruning saw was found to be lighter than expected. 
Reaction to Cost 
The participants' reactions when told the retail price of the actual products were interesting, as in 
many cases, it actually changed their perception of the quality of the product. Participants' 
estimates of the retail cost of the fork ranged from £3.00 to £15.00. When told that the fork 
retails at £0.99, the general opinion was that for the money, the product was good value. 
Participants were less sure of estimating the retail price of the saw, due its unfamiliarity, but in 
general the estimated prices ranged from £5.00 to £15.00. When told the real retail price of 
£7.00, most participants felt that this was an acceptable price to pay. 
Differences between the actual products and the models 
There were many comments made about the differences between the actual products and the 
models. The majority of comments were that the fork looked better in real life than it did in any 
of the product representations e. g. "It looks better and more expensive in real life - because of 
the pitted holes on the computer image it just looked rough and unfinished. Participants also 
thought that the saw was better in real life than in any of the product representations e. g. "It 
feels so different and nicer than the models... I wouldn't have guessed it was rubber, the models 
give a misleading fee/' Most comments were related to the participants' surprise at the rubber 
handle, since none of the representations had communicated this. This was largely due to the 
ability of the rendering software to effectively communicate a matt rubber surface. Additionally, 
it was found that the yellow colour on the 3D colour image did not replicate the shade of yellow 
on the real saw. 
6.3.4. Ranking the realism of product properties 
Participants ranked the five product representations in order, according to how much the 
representations told them about six properties, e. g. the product's function, its materials, its 
weight, its size, its usability and its quality. Representations were ranked in order from 1-5, 
where 1=tells the participant least about product property; 5=tells the participant the most about 
the product property. The mean rankings are presented in Figures 6-4a-f. The raw data is in 
Appendix 2-10. 
The non-parametric Kruskal-Wallis test showed there to be significant differences between all of 
the mean rankings for each product property (ps0.0001). This very high significance level 
indicates that it is highly probable that the differences in the mean rankings for the realism of the 
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representations were not due to chance, but were due to the ability of the of different product 
representations to communicate different properties. 
The Mann Whitney U test compared all possible pairs of representations to determine where the 
significant differences lay. A Bonferroni correction was applied to reduce the risk of Type I errors. 
Figure 6-5 shows the results of the analyses by product property (p_O. 005). The results for all 
the tests are now discussed by product property. 
Function and Usability 
These two properties were similarly ranked (Figures 6-4a; 6-4e). The most noticeable finding 
from the Man Whitney U analysis was that the RP finished model was significantly different 
(ps0.005) from all the other product representations for the realism of function and usability. 
This suggests that the finished RP model is better at communicating the properties of function 
and usability than the other representations. As the product representations of the fork increased 
in complexity, they were correspondingly ranked higher for how much they told the participants 
about function and usability. Interestingly, significant differences were found between the RP 
finished and RP unfinished representations of the fork, when it might have been expected that 
physical models would both communicate functional and usability properties equally as well. It is 
suggested that the extremely lightweight RP model of the fork caused participants to believe that 
the model could not function or be used as a real product. 
The 2D line image, the 3D grey shaded image and the unfinished RP model of the fork all 
received similarly low mean rankings for function, with none of the rankings being significantly 
different from each other. This suggested that these representations were all equally poor at 
communicating the properties of function and usability. 
Likewise for the pruning saw, a similar pattern was found for both function and usability. 
Interestingly, the mean ranking for function for the unfinished and finished RP models of the 
pruning saw were particularly low (1.62 and 2.77 respectively), with both the finished and 
unfinished RP models being significantly lower than the 3D colour image (pSO. 005). A possible 
reason for participants ranking the RP models of the saw low for function was the absence of a 
blade on the models, meaning that the model representations could not possibly function as real 
products. 
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Figure 6-5a: Function (p5O. 005) 
Figure 6-5c: Weight (p_<O. 005) 
Weight 
Due to the problems with representing the true weights of the RP models, the ranked data for 
weight cannot be considered to be reliable. Regarding the fork, the RP unfinished model of the 
fork received a very low mean ranking (1.92), as it was exceptionally lightweight. This was 
significantly lower than the other representations (with the exception of 2D line which was not 
significantly different). 
For both the fork and the pruning saw, the 2D line images were found to be ranked significantly 
lower than all other representations (with the exception of RP unfinished fork) for how much they 
communicated the weight of the product. Despite the problems with representing the true 
weights of the products, the RP finished representations had a significantly higher mean ranking 
than any of the other representations. The exception was the 3D colour image of the fork, which 
can be considered as good as the finished RP model for communicating weight (Figure 6-4c). 
Size 
For both the fork and the pruning saw, the mean rank increased with the complexity of the 
representations (Figure 6-4d). For the fork, the RP finished representation was found to be 
significantly better at communicating size than any of the other representations (p_O. 005). The 
representation found to be significantly poorer at communicating size was the 2D line image 
(pSO. 005). Interestingly, although both the unfinished and finished RP models were exactly the 
same size, participants appeared to favour a finished (painted) model for communicating the size 
of both the fork and the pruning saw. Also despite the RP models of the pruning saw not 
containing blades, this did not appear to affect how participants perceived the size of the product 
(compared with other properties such as function and usability, where a blade representation of 
the blade was considered important). 
Materials and Quality 
These two components of realism produced almost exactly the same results for both products 
(Figures 6-4b and 6-4f), and exactly the same representations were significantly different to each 
other (Figures 6-5b and 6-5f). The mean ranking increased according to representation 
complexity until the 3D colour rendered images, then a significant drop was evident with the 
unfinished RP models, e. g. for the quality of the fork the mean rank dropped from 4.27 for the 3D 
colour image to 2.00 for the unfinished RP model. For the finished RP models, the mean ranking 
then Increased back up to the same level as the 3D colour rendered images (N4). For materials 
and quality for both the fork and the saw, the finished RP model and the 3D colour Image were 
equally as good as communicating materials and quality (not being significantly different from 
each other) but together, were ranked significantly higher than all the other representations 
(p_<0.005). Therefore, the 3D colour Images and finished RP models communicated the most 
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about materials and quality, and conversely, 2D line drawings and unfinished RP models 
communicated the least information about perceived product quality and materials. The 2D line 
image, the 3D grey shaded image and the unfinished RP model were all equally poor at 
communicating the quality of the fork and the saw (p. 50.005). 
It is interesting to consider the effect that painting an RP model had on participants' perceptions 
of materials. Although all of the RP models were made of the same material, painting the models 
resulted in higher rankings for communicating materials. This implies that the participants were 
not unable to imagine materials from an unpainted RP model. Likewise, a painted RP model was 
found to communicate quality better than an unpainted RP model (p50.003). 
Summary of results 
In summary, the best and poorest representations for communicating each property for each 
product from the participants' viewpoints are presented in Table 6-6. The data were summarised 
using the results of the mean rankings in Figure 6-4. 
Table 6-6: Best and poorest representations for communicating product properties for both the fork and the 
pruning saw 
Product Best for communicating Poorest for communicating 
Property property property 
Function 3D colour; RP finished 2D line, RP unfinished; 3D grey shaded 
Usability 3D colour; RP finished 
Size RP finished 
Weight 3D colour; RP finished 
Materials 3D colour; RP finished 
Quality 3D colour; RP finished 
2D line, 3D grey shaded 
2D line 
2D line; RP unfinished 
2D line; RP unfinished 
2D line, RP unfinished; 3D grey shaded 
These results indicate: 
" In the case of these products overall, a finished RP model was most effective at 
communicating the products, and a 3D colour on-screen image was the next best. This 
makes it likely that these representations are most appropriate for communicating 
products of this type (but further investigation would be needed). 
9 To communicate size, a physical model will always be required, whether it is finished or 
not. 
" It is not recommended to use a 2D line drawing independently of other product 
representations to communicate product properties. 
" The use of 3D grey shaded images and unfinished RP models were perceived to be 
confusing, but could communicate size and usability. Unfinished representations would 
seem to have a more useful role in eliciting suggestions for improvements rather than for 
presenting a product concept for evaluation. 
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6.4. Discussion 
In this section, the main findings of the study are discussed by reflecting upon the literature. The 
results and wider implications of the study are considered, followed by a critique of the study 
design. This leads to the generation of initial guidelines for assisting designers in communicating 
with users through different computer-based product representations. 
6.4.1. Perception of product properties 
When the participants were presented with the representations of garden tools, it is suggested 
that two types of processing occurred (as suggested by Bloch 1995; refer to Section 4.3.1), i. e. 
participants first perceived the product as a whole, identifying it immediately as either a 
gardening fork or a pruning saw, then considered the individual features in more detail. This also 
maps with Fish and Scrivener's (1990) suggestion that descriptive information turns into depiction 
(see Section 3.4.1). Bloch (1995) Identified that the psychological responses to products can be 
cognitive or affective. In terms of product related beliefs, the product form influenced users' 
perceptions of properties such as durability, value for money, ease of use and desirability. A 
debate still continues as to whether product-related beliefs derive from holistic visual perceptions 
of the product's form or from atomistic linear processing of one design feature at a time. During 
the experimental sessions, both types of processing were evident, as discussed in the following 
sections. 
Function and usability 
Cognitive responses related to categorisation (Bloch 1995, Section 4.3.1) were evident in the 
sessions, when participants were asked to describe the products. According to categorisation 
research, users try to understand a product by placing it within an existing category. Thus 
participants encountering the garden fork first identified it as a fork, before determining what 
kind of fork it was. Likewise, with the less familiar pruning saw, although some participants were 
unable to identify its specific function - as a saw for pruning or sawing branches, they were able 
to categorise it as being some kind of knife, because of its design overlap with similar products 
which have handles and blades. This type of categorisation employs both holistic and atomistic 
perceptions, as participants first look at the product as a whole, then if they do not understand it, 
they consider each element to see if they recognise it, e. g. it has a handle, it has a blade, 
therefore it must be some kind of knife. 
During the sessions, participants were observed to often point to elements of the design from the 
images on the screen, and even 'jab' at the laptop screen. Participants often mimicked the 
actions of using the product. This was also found by Rooden (1999), who revealed that in 
addition to verbal description, participants also pointed at parts of the drawing or at their body to 
illustrate what they meant. Sener (2004) also found that participants interacting with a virtual 
clay system used gestures and pointing. In his study on the use cues in different prototypes, 
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Rooden (1999) found that 'operation' of a drawing differs from usage of a real product, because 
use actions cannot actually be performed, but have to be verbalised. Additionally, Rooden (1999) 
found that the vocabulary used by the participants was not adequate to properly describe how 
they would manipulate the product. Although this was not found to be the case with manipulation 
In this study, a participant did explain how she did not have the vocabulary to describe materials: 
e. g. "I tend to use Ny/on for anything when Idon't know what itis° 
Size 
Participants were generally unable to estimate the correct size of the products from the on-screen 
computer representations, and they tended to report RP models as being bigger than what they 
were expecting. The lack of scale on the computer-images was obviously a problem for the 
participants. This was also reported by Battarbee and Säde (2002, Section 4.3.2), who found 
that users wanted to view the virtual prototype next to a familiar product (e. g. computer disc, 
match box or coffee cup), or held In the hand to understand the actual size. In some cases 
participants were observed to use the ruler to physically measure the size of the image on the 
screen. Regarding the 3D colour image of the pruning saw, three images were shown on one 
screen, (to show the saw closed, half opening and fully opened): this made the images smaller, 
so only 8% of participants were able to estimate the correct size of the product from these 
images. This supports Epstein's (1965) finding that the size of the image provides no Information 
about the size of the object shown. The implication of this finding is that if designers are showing 
on-screen images of product concepts to users, the Images need some kind of scale; either 
stating what the scale Is (e. g. full scale; 1: 1) or by placing other elements In the image which 
give the product context or scale (e. g. a hand, coin, tree). This relates to Epstein's (1965) 
'familiar size solution' as discussed in Section 4.2.1 
Different perspectives can also distort the perceived size of an on-screen Image. Designers often 
use exaggerated perspective in computer renderings to make products appear more dynamic 
(Tovey and Dekker 1996), whereas CAD models are usually modelled in Isometric View. If 
rendering in an exaggerated perspective, care must be taken not to distort the product image to 
such an extent that it no longer represents Its correct size and scale. Johansson (2001) 
recommends that physical product representations should always be used to assess the size of a 
product. 
Surface properties 
It was evident that materials were described by participants in terms of three generic groups: 
wood, plastics and metals. Despite the texture board containing 30 different examples of 
materials and textures, participants still preferred to verbally describe materials by referring to 
their previous knowledge. This could have been because some of the material samples were 
quite diverse, and a selection of different types of rubbery textures could have been more 
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relevant. Another interesting observation was the language that was used by the participants in 
describing materials. For example, the use of Nylon, when referring to plastic. It was apparent 
that participants attached certain values to materials. Metal, in particular was perceived to be a 
high quality material, especially for tools; wood was considered good quality for a handle; but 
plastic was generally perceived to be a cheap, low quality material. This maps with Bloch's (1995) 
description of cognitive responses (Section 4.3.1), whereby materials are associated with 
particular product-related beliefs. Perception of materials is likely to be linked to the generation 
and background of the participant (Bonapace 2002) so these older participants made judgements 
against materials they had grown up with. Consequently, designers need to be aware of the 
different social and cultural mindset of a generation different to themselves, and how perceptions 
of quality are influenced by material type. 
It was Interesting to note that only one participant was able to identify that the pruning saw 
handle was rubberised, (from the 3D colour image) especially as the highly tactile, comfortable 
handle was one of the saw's main selling points. One participant even suggested that the design 
of the handle would be Improved if it had a rubber grip, thus demonstrating that the on-screen 
representations were inadequate, despite efforts to communicate texture and material of the 
product. The ability to represent matt, rubberised textures is dependent upon the software used 
to render the Image, and also to some degree on the ability of the operator. The rubberised 
finish could not be accurately portrayed on the finished RP model, leading to participants feeling 
disappointed about its lack of tactility "its not as and -slip as läimagined, its gota smoother 
surface' Consequently, designers need to be aware of how they are representing tactile textures 
to people unfamiliar with the product. If it is not possible to represent the material on the model, 
then it is important that a representative sample should be provided to accompany the RP model. 
Colour 
None of the participants reported deficiencies in viewing colour in the introductory interview, and 
all were able to accurately describe the colours of the images and models. When it was obvious 
what colour the products were from the representations, participants tended to offer their 
opinions on the suitability and attractiveness of the colour. When participants were unable to 
determine the colour (e. g. from the 2D line drawing and grey shaded model) they tended to 
report what colours it should be, making judgements from their previous knowledge and 
experience. This has interesting implications for co-designing, indicating that representations 
with no colour are a useful platform for allowing users to contribute ideas and preferences for 
colour. 
Colour also appeared to have values attached to it. For example, the colour of the pruning saw 
from the 3D colour image was described as being masculine, which would "put women off buying 
its' Colour also influenced participants' perceptions of materials i. e. the 3D grey shaded image 
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was perceived to be metal, and consequently better quality, whereas the 3D colour image was 
perceived as plastic (and cheap). Johansson (2001) warns that colours should be used with 
caution in digital product representations; they can help and distract at the same time. He 
suggests colour-coding parts if technical functionality is being evaluated. 
Design Features 
Participants were able to identify different parts on the products from all the representations and 
in many cases, also went on to identify potential problems with these parts, suggesting ways in 
which they could be improved. In particular, some participants commented on the suitability of 
the tools for the older hand, and the smaller female hand. Comments of this nature are useful 
for designers wishing to take an inclusive approach with their designing and it highlights the 
relevance of involving older users as an indicator of the inclusiveness of a design. The majority 
of comments from participants questioned how the tools would feel in the hand i. e. grip, comfort, 
size, and how these would relate to usability and ease-of-use. Participants offered constructive 
ideas on how perceived problems could be overcome. This kind of information is extremely 
valuable for designers, especially in the early stages of design, and if users do express negative 
opinions about a design feature, designers can prompt users to suggest improvements. 
For products where functional value and usability is important, e. g. hand tools, Baxter (1995) 
suggests that visual appearance must inspire confidence in users who have never used the 
product before, by making the product look like it will function well. This was the case with the 
pruning saw, where some participants were unable to identify that the specific function of the 
product was for pruning branches, yet they were able to guess at its purpose as some kind of 
knife or saw. Participants' judgements were not on how well the product performed from testing 
it, but how well it looked like it might function. This illustrates the importance of product 
semantics (product meanings) In product representations. Macdonald (1998) states that with 
innovative products in particular, visual clues help to explain the proper use or function of a 
product. Söderman (1998) refers to the use of 'ues' as "devices, mechanisms or other 
characteristic features which could Indicate the functions". As a user cannot handle the product 
to assess its performance from viewing a digital representation, visual clues indicating how it 
might perform are required. The pruning saw, for example, had a black button with the word 
`press' moulded into it, designed to release the blade. This was not clearly communicated in all of 
the representations, consequently, some participants did not know its intended use, and ended 
up guessing at its purpose (e. g. it was referred to as a `regulator' or'dial , and as a pivot for the 
blade). Söderman (1998) states that with the absence of clues, comments are characterised by 
uncertainty. Designers must therefore check that users have a full understanding of a design, 
perhaps by asking users to describe the features of the product that they do not understand. 
This would permit designers to observe firsthand which features are causing confusion and to 
offer clarification. 
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Quality, Weight and Materials 
Perceptions of quality appeared to be directly linked to perception of materials and the weight of 
the materials. The most significant indicator of this is that the grey shaded image of the fork 
produced comments that it looked like it was made of stainless steel, and consequently, would be 
of good quality - one reason being that it is heavier. Yet when shown the same on-screen image 
with colour and texture added, quality was perceived to be poor. It would therefore appear that 
perceptions of quality are related to cultural values associated to weight and materials. 
Macdonald (1998) explains this phenomenon by describing how a complex perceptual, cognitive 
and cultural process allows us to make value judgements based on experience and preference, 
which betrays cultural prejudices. Macdonald offers an explanation for how the western culture 
associates weight with quality (and thinness with hi-techness). Using the example of a personal 
stereo, he maps out a rudimentary matrix of physical and sensory properties against cultural 
values for these sensations (Figure 6-6). 
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Figure 6-6: Mapping out physical and sensory properties against cultural values for a personal stereo 
(adapted from Macdonald 1998 p 182) 
Manzini (1988) describes the correlation between weight and materials, and states that weight 
equalling quality, longevity, solidity and safety is not applicable to all cultures. In Japanese 
culture, for example, lightness is considered more important than heaviness. The correlation 
between weight and quality can also be seen in automotive design, for example, with German 
cars being perceived to be good quality because they appear to be solid and well put together 
(Macdonald 1998). 
These findings have implications for designers wishing to present product representations to 
users in co-designing. Firstly, it should be best practice for designers to present on-screen 
images to users in their representative colours, and avoid showing the product In a single shade 
which does not represent the intended material (unless suggestions for colour are required). 
Secondly, designers need to be aware of the cultural judgements of their target user group, as 
users' perceptions of quality are based on their preferences for particular materials, and weights. 
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Whereas older users may associate quality with heaviness, for example, younger users are more 
likely to find quality In lightweight products, indicating hi-techness (Macdonald 1998). This of 
course is not a rule - each product group will have different values attached to it. Designers 
should ascertain which quality values the product requires to appeal to its target market, and 
ensure that product representations represent these values accordingly. 
Regarding weight, participants tended to overestimate the weight of the products from the CAD 
models. The RP models of both the fork and the saw were not weighted to represent the true 
weight of the products, and an error in the manufacturing process meant that the unpainted fork 
was constructed with an internal honeycomb structure (known as QuickCastm), making it much 
more lightweight than the solid RP model. With the differing weights of the RP models of the 
fork, participants found them both to be too lightweight to use in the garden, but didn't 
specifically pick up on the weight differences between the two. Surprisingly, the two RP models 
of the saw were found to be different weights, even though they were identical. The use of 
colour appeared to change perception of weight, with the darker black colour of the handle being 
perceived as being heavier than the light colour of the unpainted model. Macdonald (1998) 
explains that colour can be used to affect a product's proportion and shape, by having a 
psychological effect on the retina. The implication of these findings are that when preparing 
product representations for viewing by users, designers should ensure that the intended colours 
of the product are correctly represented, to avoid mis-leading perceptions of weight, balance and 
proportion. 
Describing product personality 
The reason for asking the participants to consider the personalities of the products was to 
indicate the perceived symbolic attractiveness of the products. Purchasing confidence is inspired 
by the extent to which the product reflects the customer's self image and the statement that they 
wish the product to make in the eyes of others (Baxter 1995). With regard to whether asking 
users to describe the personalities of product is meaningful to the designer; it is useful to draw 
upon the work of Jordan (2002). Jordan states that for a product personality to be a meaningful 
concept, "then there should be a degree of agreement between the designers about the 
personality characteristics of a particular product even though they have rated the products 
Independently". The author proposes that this also applies to users evaluating a product's 
personality. The results show that there was agreement amongst the participants, with the fork 
emerging overall as a cheap, flimsy, low quality product and the saw emerging as a useful, 
comfortable, high quality tool. 
The exercise describing product personality transpired to be an exercise in eliciting positive and 
negative affective responses. Affective responses were identified as those responses from users, 
which are either positive or negative (Bloch 1995, Section 4.3.1). The positive and negative 
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adjectives supplied were useful affective responses, as Bloch suggests that the goal of product 
design is to elicit more positive than negative responses, particularly in the target market. In this 
study, the fork elicited more negative responses than positive responses (46% negative 
compared to 20% positive), indicating that overall, it was negatively perceived. The pruning saw 
elicited more positive responses (60% positive compared to 2% negative), indicating that the 
overall form was positively perceived. 
Although the adjective list generated by the participants did not give the desired result (it failed 
to describe personalities), it was useful for gaining a'snapshot' of perceptions of the products. A 
suggested reason for failure was that participants did not understand the task. The idea of 
assigning personalities to products is still a fairly new concept in the design world, and as such, is 
unfamiliar to end-users, and problems have also been reported by Bruseberg and McDonagh- 
Philp (2001) who found difficulties with conducting a similar exercise where users attributed 
personality adjectives to domestic toasters. They found that users had difficulty in suggesting 
suitable examples. A better method (as suggested by Jordan, 2002) may have been to allow 
participants to pick from a selection of prepared adjectives. Bruseberg and McDonagh-Philp 
(2001) also propose this, although they recognise that it may be restrictive. It is suggested that 
this type of exercise could be useful in a situation where there isn't enough time to go into such 
an in-depth analysis, or where many product concepts are being evaluated. 
Associations, tastes and preferences 
It was observed that participants used associations with objects they were familiar with to 
describe certain product properties. For example, in order to describe surface materials, there 
were several associations to do with the appearance of plastic making the product look like a 
'child's toy' and the garden fork was likened to a 'fish slice' When describing quality, 
participants often referred to the perceived country of manufacture as being an indicator of 
product quality e. g. 'Is it made in Hong Kong or is itgood Brriish Steel? ' This shows how people's 
understanding of product form is moderated by tastes and preferences, which are affected by 
cultural, social and consumer influences, as well as an indicator of the age and generation of the 
participant (Bloch 1995, Bonapace 2002). Participants also made associations with animals to 
describe the quality of the saw 'it looks like an animals head with eyes; and 'it looks like a little 
salamander orchame%n face: In this respect, some participants can be seen to be able to 
describe product representations in terms of their personality. 
6.4.2. De-brief 
Comments from the participants immediately after the trials were positive; for example, they 
thought that the time had passed quickly. It was useful to ask participants to score how they 
found levels of pressure, frustration and effort etc, as many of them were not regular computer 
users, and there was some concern as to how they would feel looking at images on a screen. 
Battarbee and We (2002) had found that the technical and complex appearance of the 
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prototype environment might have caused feelings of `techno-coldness; which might have 
transferred to the concept evaluation Itself. In this study, it was reassuring to find that 
participants were comfortable with what was being asked of them and the rate at which the trial 
moved. Participants were observed to be visually more animated and interested in the products 
when they were given a physical model to hold and comments were more spontaneous, although 
there was disappointment when the models looked realistic but weren't functional. Likewise, 
Battarbee and Säde (2002) reported that participants criticised the product with much more 
confidence when the physical model was shown. 
6.4.3. Reactions to the actual products 
Showing the participants the real products that the models represented at the end of the session 
was a useful exercise, as it represents the situation that designers may find themselves in, having 
designed a product, gained user feedback from various representations, then shown the final 
manufactured product to the users for evaluation. Also, as identified by Sharp and Wright 
(1996), it is Important to determine how accurately prototypes simulate the real product. For 
both the fork and the pruning saw, the real products were generally perceived to be of higher 
quality in real-life than expected from viewing and handling the product representations. 
Batarbee and We (2002) also found this to be the case when they gave users the actual 
products that the virtual reality models represented. Their virtual prototype received negative 
emotional evaluations, while a physical model received positive evaluations, yet interestingly, 
users remarked that they both looked the same. The assumed reasons for these negativities were 
the low fidelity of the VR model, the number of layers between the model and the users, and the 
look and style of the test environment. These findings contrast with the opinion that CAD can 
make products look better in real life, and that products can be `glossed' up in renderings 
(Mahdjoubi and Wiltshire 2001, Section 4.3.2) 
One of the reasons given for the fork looking better in real life was that the prongs had been 
represented as having a rough, bumpy texture on the 3D colour image, but in reality, the texture 
was actually small pitted holes (Figure 6-7). This again supports the idea that the perception of 
materials directly affects perceptions of product quality. The limitations of the rendering 
software used, and the skill of the operator meant that it was difficult to replicate the actual 
texture of the fork prongs, so the closest matching texture was used instead. It transpired that 
this texture made the prongs look bumpier than they should have been, and thus affected 
perceptions of product quality in a negative way. 
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Figure 6-7: The difference between the bumpy texture of the CAD rendering and the pitted texture of the 
real product. 
The same problem was evident with perceptions of the pruning saw's materials. The real saw 
was also found to be better than its representations; the main reason being the rubber handle. 
None of the representations had communicated this (Figure 6-8), for the same reasons as the 
fork. Unfortunately, the texture produced for the rubber handle looked too shiny and smooth and 
could explain why participants commented that the saw handle was made from metal. 
FIgure 6-8: The difference between the smooth, metallic texture of the CAD rendering and the matt, rubbery 
texture of the real saw. 
The implication of this for designers is that they need to replicate textures and materials as 
accurately as possible. Where this is not possible (e. g. due to limitations with CAD rendering 
software, time or the skill of the operator), then as stated previously, material samples of 
intended textures and materials should be available for the user to handle when viewing on- 
screen representations or handling physical models. Materials and textures are tactile properties, 
and as such they can only be communicated effectively through physical tactile evaluation of 
material samples. 
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Another reported reason for the real saw being better than its representations, was the positive 
associations of quality with the brand name. This raises the question of whether users involved in 
the design of a product should be made aware of the brand of the product. Doing so will 
undoubtedly load them with preconceptions or'brand baggage' as discussed by Spenser and 
Wells (2002) in Section 2.3.2. The designer should consider and decide whether this is 
important. 
When participants were told the retail cost of the products, this dramatically changed their 
perceptions of product quality. In particular, the fork went from being perceived as a cheap 
flimsy product, to being one that was value for money. The general attitude was that even 
though it was flimsy, if it got broken, they could easily go and buy another. This obviously has 
implications regarding how much users should be told about the product if they are involved in its 
design. It would be interesting to see if participants' perceptions of product quality would have 
been different throughout the trial, had they been told the retail price of the product to begin 
with. It is suggested that in order for designers to elicit true perceptions of product quality, then 
it is advisable to tell the user the estimated retail price of the product from the outset. 
6.4.4. Ranking the realism of product properties 
Considering realism in terms of function and usability, and materials and quality revealed 
interesting relationships: 
" The key factor, which appeared to effect participants' perceptions of the usability and 
function of the products, was the completeness of the RP models. For example, as 
discussed previously, the RP models of the pruning saw did not have blades. Several 
participants commented that it was not possible to judge usability without a blade thus 
seriously affecting their perception of the product. Likewise, the fact that the RP models 
of the fork did not represent the correct weight, clearly influenced participants to rank 
these models below the other representations. This implies that if users are to evaluate 
usability and function, then the models should at least 'usable', i. e. have a blade, or 
representation of a blade. Users will have difficulty imagining things which should be 
there. 
. Materials and quality were also inter-linked. Most noticeably, the unfinished RP models for 
both the pruning saw and the fork had surprisingly low mean ranks, when compared to 
the finished RP models and the 3D colour images. The effect of leaving the models 
unpainted showed the modelling material, which participants disliked. By painting the 
models, participants ranked them higher for quality. This implies that if designers want to 
elicit accurate information about the suitability of the product quality and the materials, 
then it is not appropriate to give participants unpainted RP models to handle. However, 
the 'imperfect' nature of unfinished models can prevent users from thinking that they 
cannot change a design (Demirbilek and Demirkan 2004), which is desirable in co- 
designing where suggestions are sought. Users can find It difficult to understand what a 
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product could look like, as when given something tangible to hold, it takes on the role of 
being'real'. 
In order to gain accurate feedback about the appropriateness of the size of a product from 
representations, the most suitable solution was found to be a finished RP model. Even though 
the unfinished and finished RP models of the fork and the saw were identical, participants 
favoured the painted version for communicating the size of the product. If co-designing with 
users, designers wishing to gain feedback on appropriateness of size and scale should endeavour 
to use a physical model - preferably finished to give a true representation. An unfinished model 
would suffice if there are time constraints. 
6.4.5. The model - product gap 
Throughout the trials, participants were keen to talk about the product representation, rather 
than the product that it showed, 'Thisisa diferentimage pmcess: This was also found to be the 
case with Söderman (1998), who found that participants made comments on the suitability of the 
product representations for communicating the characteristics and limitations of a real chair. 
When shown the RP models of the pruning saw, despite being told that the objects were models, 
which represented real products, participants chose to focus on the actual materials of the 
models (resin) and discussed their suitability for gardening `Its excellent even without 
rubberisation. It seemed that because the participants were holding something tangible, it was 
difficult to communicate to them that the product they were holding was not the real product, but 
simply a replica, in a different material. The painted models confused the issue further, for 
example, with over half of the participants believing the fork to be painted wood, perhaps by 
drawing upon their previous experience. 
Interestingly however, despite participants recognising that the RP models of the pruning saw 
were not perfect, they were still able to perceive the real product that the model represented to 
be of high quality. Perhaps because the model was incomplete, i. e. it did not have a blade and 
did not work, they were able to appreciate that it was not a real product. However, as the RP 
models of the fork were complete, and looked identical to the real thing, participants could have 
had difficulty differentiating between the RP model as a replica, rather than a real working 
product. Anecdotal evidence of this is that one participant decided to test the strength of the fork 
by bending it, consequently snapping the model in half. The results for comparing the realism of 
the representations also substantiates this, as participants ranked the 3D colour Image as the 
most realistic representation of the fork, while the finished RP model was the most realistic 
representation of the saw. 
6.4.6. The nature of the products 
Two products of differing complexity were used in the study. It was shown that with a simple 
product (the fork), participants were able to discus all elements of the design (both positive and 
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negative) from the on-screen representations. With the more complex pruning saw, most of the 
design issues (especially ergonomic factors) were not identified until the physical RP 
representations were handled, thus indicating that a physical model is required for a more 
complex product. If co-designing, designers must consider the nature of the product under 
consideration, and represent it accordingly. For example, with a cheap, simple product such as 
the fork, designers must be careful not to make it appear to be more expensive or better quality 
than it will be when manufactured, otherwise this will lead to disappointment on behalf of the 
user when the real product does not meet their expectations. If the product is more complex and 
of higher quality, such as the pruning saw, it must also be represented accordingly i. e. not be 
made to look of lower quality than it would be when manufactured. 
6.4.7. Participants' experiences 
Participants have different backgrounds and bring different experiences with them to co- 
designing, which affects their perceptions of products. Participants' experiences can refer to 
previous experience viewing 3D on-screen images, previous experience of gardening, experience 
of design, and design acumen. 
Experience viewing 3D computer images 
Participants represented users with and without previous experience of viewing 3D on-screen 
images. During the sessions the participants with no experience of viewing 3D computer images 
did not report any concerns in viewing the images, therefore, the effect of computer experience 
was not used in the data analysis, since the comparison of different users in terms of age, or 
ability or previous experience was not an aim of the research. This could be an interesting 
prospect for further work however, as no examples of this were found in the literature. 
Experience of gardening 
It was assumed that the majority of participants would be familiar with the products, even if they 
had not used them extensively. Therefore previous experience with gardening tools was desirable 
but not a requisite. However, the pruning saw proved to be a less familiar product and 
consequently, some participants didn't actually know what it was for - although they were able to 
identify that it was some kind of saw or knife, by using the psychological response of 
categorisation (Bloch 1995). This implies that if users are to be involved in the design of a 
product, they should (in hindsight) be selected on the basis of their previous experience with the 
particular product, or product type, i. e. purposively sampled. A purposive sampling strategy was 
used for this study, but it is possible that the criteria for selection could have been tightened up 
to specify that experienced gardeners would be selected, rather than just those people with a 
general interest In gardening. It could then be argued however, that by excluding novice users, 
perhaps basic issues may be overlooked. It is therefore important to establish what kind of 
information the designer is looking for, as to the level of user experience that is required. 
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Likewise, Söderman (1998,2002) found that users' understanding of a product was dependent to 
a higher extent than expected on contextual factors, such as the users' previous experience of 
similar products and situations, and the environment of the product. It was reported that 
participants' experiences of similar products influenced their comments and valuations, which was 
confirmed by expressing comments which projected their experiences from similar products they 
had used. This was also found to be the case, where participants spoke about garden forks and 
pruning saws that they had used previously, and how the products in the representation 
compared to them. Similarly, In a study by Engelbrektsson (2002) it was found that participants 
with experience of the product were able to provide more information from product 
representations of the product than participants with no experience of the product. 
Correspondingly, studies by Schoormans et al (1995) revealed that conducting a concept test with 
users who lack the necessary product knowledge may jeopardise the validity of the test results, 
i. e. the results of such a concept test may not accurately indicate how consumers will evaluate 
the real product. Johansson (2001) recommends that when selecting visualisation techniques, it 
Is important to adapt them for the specific users and their experience, abilities and needs, 
although age and gender In themselves are not important. Söderman (1998) went on to suggest 
that users' experiences of a product could be superior to the completion (i. e. the comple)(ty) of 
the product representation to elicit requirements for the products, at least for a known product. 
Experience of design, and design acumen 
Another important issue in the perception of products is the level of experience of design the 
participant has, through exposure to education and designed objects, and their level of innate 
design acumen, as this may also affect the way in which they perceive products. Csikszentmihalyi 
and Robinson (1990) suggested that design acumen is something with which people are bom, so 
consumers with high design acumen attend more closely to visual design elements with clearer 
preferences in making product choices than do those low In visualising. If this is the case, it 
raises the question of whether the design acumen of users should be checked before they are 
invited to take place in co-designing, and furthermore, how should this be done? Designers 
obviously have a high level of design acumen, so if users are expected to understand the same 
sorts of representations that designers regularly use, such as on-screen computer images and 
unfinished RP models, it may be wise to ensure that any users selected, will also understand such 
representations. On the other hand, users with low design acumen will still be end users of 
products, therefore any representations presented to users in the design process must take into 
account their needs. The design acumen of the users was not established prior to the trials, but 
as a general rule, designers need to consider that they will be presenting product representations 
to people with varying abilities of design acumen, therefore every attempt should be made to 
avoid mis-interpretation and confusion. 
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6.4.8. Problems with the technology 
This study illustrates that despite massive advances in computer imaging and prototyping 
technology, there are problems with communicating products in these ways. For example, the 
error in manufacturing one of the RP models of the fork, (reported in section 6.4.1) showed the 
importance of an accurate model, to prevent misleading users. This validates the view held by 
Bloch (1995), that workmanship can sometimes undermine the form envisioned by the designer. 
The models also took several weeks to produce, due to prioritising of the RP machine, so the 
prototyping was not as rapid as its name would suggest. In addition, the potential success of the 
3D computer images actually replicating the real product largely depends on the skill of the 
operator, the time and resources available and the complexity of the software used. 
Replicating colours can be difficult. For example, during the modelling and rendering of the 
computer images, the author thought that the yellow colour on the saw had been replicated 
accurately but when the images were transferred to a laptop computer the colours appeared 
differently, due to the different colour settings on the two computers. Designers must ensure the 
media with which they present a representation to users accurately portrays the colours used and 
be aware of the need to calibrate the screens for colour consistency. 
6.4.9. Differences between designers and users 
The study showed that it is important that designers do not fall into the trap of assuming that 
because they understand a product representation, then users will too. For example, on the 
colour rendering of the pruning saw, it was assumed that the handle had been appropriately 
rendered to look like rubber, but the users perceived it to be plastic. This indicates that as 
designers become very familiar with a product during the modelling phases, it is an easy mistake 
to assume that because they know that a certain part is supposed to be a particular material that 
the layperson will also. In support of this, Mahdjoubl and Wiltshire (2001) suggested that while 
professional architects could grasp simple presentations such as diagrams and plans, the public 
finds it easier to understand highly realistic media, such as photographs due to familiarity with 
the medium. 
A further difference between designers and users was noted by Hsu et al (2000) as discussed in 
Section 8.5.2, found that evaluative terms, or `image words' had different meanings for designers 
and participants. Likewise in this study, participants had an unclear understanding of descriptors 
such as'feminine' and 'emotional'. This may go someway to explain why the participants were 
unable to provide personality adjectives to describe the products. Consequently, designers 
should ensure that the language they use to describe products is on the same level as the users 
to whom they are presenting the product representations. 
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6.4.10. Study design 
Generalisability and limitations 
As in virtually any study of human behaviour, the findings here are tempered by certain 
limitations and the broad generalisability of the results cannot be automatically assumed (as 
discussed in Section 5.8). In the study, older users were the user group and the products were 
garden tools, which raises the question: can the findings be generalised across other user groups 
and across different product groups? It is not possible to say that the findings can be generalised 
across different user groups, i. e. In terms of age, socio-economic background and culture. The 
age of the participants did not appear to be an important factor, as no difficulties were reported 
with viewing the representations, however some comments were clearly age-related. The aim of 
the study was not to compare how representations are perceived by users of different ages and 
socio-economic groups, however, this does pose an interesting research question for further 
work. The study did reveal some age related findings concerning users' perceptions of materials 
based on cultural values. However, the pertinent conclusion was recognising that users express 
these types of values, and age is just one dimension which affects opinion (background and 
previous experience may be other dimensions). It is also possible that different findings may 
have been obtained, had the representations been produced by different designers. Threats to 
validity (as discussed in Section 5.8) were addressed by triangulating qualitative and quantitative 
data collection and alternative explanations or understandings of the phenomena being studied 
were sought by referring back to the literature. 
Only two products were used in the study, and it would be misleading to say that the findings 
would be the same for different products. However, the products were essentially vehicles for 
exploring how users perceive computer-based representations, and the knowledge gained from 
this exploratory study is useful in informing further studies conducted as part of the wider 
research. 
Improvements and suggestions for further work 
The following improvements to the study design and suggestions for further work are: 
" Provide a container with soil for participants to dig in. It was realised early on that this 
would be helpful, but a container was not introduced, to maintain consistency between the 
sessions. 
" Static images were presented to participants. It would be interesting to see if allowing 
users to manipulate the CAD models, through panning, zooming and rotating would have 
produced different results. Furthermore, animations of the products could be produced, to 
show the participant the product from all sides. 
" Users were asked what they understood from product representations. Conversely, 
Söderman (1998) In his study on users' understanding of product representations, asked 
participants what they did not comprehend from the product representation under 
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consideration, and what information they wanted to know. In hindsight, this may have 
also been a useful way to pose questions to the users in the study. It is often easier to 
say what you do not understand, rather than what you do. 
6.5. Knowledge gained from this study 
This exploratory study has produced many interesting findings. At this early stage in the thesis 
however, it would be Inappropriate to report these findings as anything other than "knowledge 
gained". It is not yet clear for instance, if these findings will be generalisable across other 
contexts. Also, as this was an experimental study, it would be misleading to claim that the 
findings would be transferable to a real-life co-designing situation. For example, In this study, 
users were deliberately not told what the products were, whereas in a co-designing scenario, 
users would be told what the products are (as the aim of co-designing is not to "test" the user, as 
was the case in this experimental study). In light of these limitations in how to report these 
findings, the knowledge gained from this study is presented In a formative manner: with regard 
to how it will Inform the next stages of work. The knowledge gained is reported by product 
properties. 
Materials, Quality and Colour 
" Materials and texture were easily misunderstood by users, and were difficult to accurately 
define digitally. This would imply that understanding of materials and texture could be 
aided if users were provided with physical samples of the materials and textures used in 
the representations. 
" Materials appeared to be the biggest indicator of product quality. This would suggest that 
a physical model, or a 3D colour rendered CAD image with accurate material and colour 
representation should be used to communicate quality. 
" In this study, grey-shaded digital CAD models were perceived by users to be made from 
metal. This would make the author cautious about representing future CAD models in a 
single shade of grey, should the same confusion occur. 
Function and Usability 
" Users were unable to imagine missing parts of a product (i. e. the blade on the pruning 
saw), thus implying that representations should be complete to enable users to 
understand them fully. 
" Weight appeared to be important for users to assess a product's usability from a product 
representation. This would suggest that physical models particularly should represent the 
correct weight of the product. 
" In this study, users were not asked what they did not understand from about a product 
from a representation. In hindsight, a useful strategy may have been to check what users 
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do not understand about the product from the representation, in addition to asking what 
they do understand. 
Size and Weight 
" In this study, size and scale were only fully communicated by a physical model. Showing 
the products on a laptop computer screen did not give an accurate representation of size. 
This is not really surprising however, so it would be useful to note that digital images are 
best viewed with a scale, to represent the size of the product. 
" Users used reference weights to help them assess the weight of a product from a digital 
representation. Based on this, in a co-designing scenario, it could be good practice for a 
reference weight replicating the intended weight of the product to be available to users. 
" In this particular study, the RP models painted in dark colours were perceived to be 
heavier than those pained in light colours. This is interesting to note, but is likely to bear 
little importance in co-designing. 
0 Users seemed to find it difficult to estimate the weight of a product, without knowing its 
size. This again supports the case for including a scale on digital images. 
Emotional 
The users in this study found it difficult to attribute personality adjectives to product 
representations. Drawing upon advice from the literature, it may be advisable to allow 
them to choose from a pre-defined list of personality descriptors, then look for a degree of 
agreement between participants. 
The user 
In this study, when users described the problems they had with similar products at home, 
the researcher was able to pick up on these points and probe deeper with more 
questioning to find out perceptions of the product. This could suggest that allowing users 
a short period of immersion whereby they think in-depth about a product may help them 
to think of ideas for improving the product. 
The users' previous experience and knowledge of the product appeared to affect how they 
perceived representations of products. Language, generation, social and cultural mindset 
also seemed to play a part. This could imply that the sample of participants used for co- 
designing should not be random, but should be carefully considered, so that people with 
an interest In the product area are recruited. Generally, those users' with experience of a 
product (expert users) will be best equipped to discuss a product, although users with no 
experience can pick up on more obvious but often overlooked features. 
130 
The product 
" In this study, the fork in particular looked better in the digital image than it did in reality, 
and users picked up on this difference in quality. This indicates that products should not 
be made to look better digitally than they would in reality, as this may lead to the user 
feeling disappointed. 
" The brands and prices of the products were omitted in this study, but when users were 
told what the brands and prices were, this did change their perceptions of the products. 
This shows that the researcher must consider the effect that representing the brand, and 
revealing the cost of the product will have on the user. 
" The pruning saw in this study was the more complicated of the two products, and was 
really only fully communicated to the users when they handled a physical representation. 
This would indicate that more complex products will always require a physical 
representation, whereas simpler products (such as the fork) could be communicated 
through digital images if necessary. 
6.6. Conclusions 
This study has addressed the specific objectives described in Section 6.1.2. 
" An understanding has been gained of how users perceive product representations of the 
same product, when presented with it as on-screen digital Images and physical RP models 
of varying complexity. The results from the study show that computer-based product 
representations communicate product properties in different ways, depending upon the 
nature and complexity of the representation. There is no 'best' or'worst' representation - 
it depends on what Is being communicated. It was found however, that unfinished 
representations, both digital and physical were perceived In a more negative light by 
users. The knowledge gained from the results and discussion In this chapter, can now 
help to inform and guide subsequent studies in this thesis, with regard to how users may 
perceive different types of computer-based product representation. This knowledge will 
be built upon in a formative way, through further studies in this thesis. 
This study has investigated how different formats of computer-based product 
representation communicate tangible product properties to users, such as physical 
properties, including usability and ergonomic issues. Although a physical model is usually 
the favoured method of representation, particularly with regard to communicating usability 
and ergonomic factors, digital representations have been found to also be effective at 
communicating other properties, such as colour and appearance, which are more visual in 
nature. It is suggested that digital representations should be used carefully, and where 
possible, be supported by a physical model. 
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" The study investigated how different formats of computer-based product representations 
communicate less tangible product properties to users, such as emotional and experiential 
issues related to pleasure in use, aesthetics, image and personality. Less emphasis was 
placed on emotional properties by the participants. This could be because the products 
were more functional and utilitarian, than desirable; therefore, participants found it 
difficult to comment on emotional issues. Participants found it difficult to attribute 
personality descriptors to the products represented. 
" It was investigated how users perceive computer-based product representations, 
compared to the real product that they represent. The real products were perceived 
better than the representations. This was attributed to low quality and inaccurate digital 
rendering which did not communicate materials appropriately. Omitting a brand name 
from the products also affected perceptions of quality. 
" It has been established that digital representations cannot be used independently of 
physical representations, particularly for understanding properties such as size and weight. 
Now that an exploratory study has been conducted into how users understand computer-based 
product representations, this knowledge can now feed into further studies, in an effort to learn 
more about how users can inspire designers through co-designing. Having established to some 
degree what users understand from computer-based product representations, it is now important 
to establish these issues from the designer's point of view, i. e. what do they think users can 
understand, and what is their experience of exposing users to computer-based product 
representations. Therefore, the next stage of research was to determine how designers would 
react to closer user involvement by understanding their opinions and experiences of user 
involvement in designing; and their use and understanding of product representations. 
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CHAPTER SEVEN 
The Designers' Point of View: An 
Interview Study 
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7. The designers' point of view: an interview study 
7.1. Introduction 
To explore design professionals' opinions and experiences of user involvement in designing; and 
their use and understanding of product representations, an exploratory interview study was 
conducted. The specific objectives of the study were to gain an understanding of current thinking 
regarding: 
" Product representations used by designers during New Product Development. 
" Designers' opinions of user involvement in the design process. 
" Designers' use of product representations with end users. 
" The perceived feasibility of real-time co-designing with end users. 
" Designers' understanding and application of inclusive design principles. 
In addition, a further objective was to find companies who would be willing to participate in co- 
designing case studies (for Chapter 10). As with the findings from Chapter 6, it was envisaged 
that the findings which would emerge from this study, would guide decision making in 
subsequent studies. 
7.1.1. Rationale 
It was decided to conduct in-depth, semi-structured interviews with open-ended questioning as a 
means of data collection. This allowed the respondents to generate rich and detailed accounts of 
their personal experiences. The topics and issues to be covered were broadly outlined (Section 
7.2.3), but the interviews were intended to be free-flowing, with the general themes of interest 
guided by the interviewer. There was also flexibility in the sequence and working of the 
questions during the course of the interview, as suggested by Cohen et al (2000). This allowed 
the discussion to lead into areas which may not have been considered prior to the interview but 
could be potentially relevant to the study (Goulding 2002). 
As discussed in Chapter 5, a systematic approach known as grounded theory (Glaser and Strauss, 
1968) was used for collecting and analysing the qualitative data, allowing the findings to evolve 
throughout the research process itself. This enabled the researcher to respond to the first 
available data, and make slight adjustments to the interview questions. A researcher's own 
disciplinary background provides a perspective from which to investigate a subject (Goulding, 
2002), so a background in industrial design was considered to be a significant benefit for 
interviewing designers in their place of work. 
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7.2. Study design 
7.2.1. Sampling 
To obtain views from a cross-section of design professionals, a purposive sampling strategy was 
used: 
" The organisations should be involved in the general design of consumer products. 
"A variety of design organisations should be sought, in terms of size and type, e. g. 
consultancies, freelancers and in-house designers in larger organisations. This was to take 
into account any differences in research capabilities and resource availability. 
Interviewees were recruited through purposive sampling. Attempts were made to 'cold call' 
organisations, however this had a low success rate, and it was known to be difficult to get 
designers to give up their time. Designers were therefore introduced via the author's colleagues. 
The sample was not intended to be representative of the design population, but still, a breadth of 
views from different types of organisation was sought. 
7.2.2. Development of the interview questionnaire 
In order to enable a full discussion of the topic to develop, the interview guide was made flexible 
enough to allow the Introduction of new ideas and questions as they came up in the interviews, 
unlike a conventional list of questions. The author referred to Cohen et al (2000) for 
questionnaire design protocol. The main aim of the interview guide was to present ideas and 
themes which could be talked around, rather than asking a set of pre-defined questions with 
dichotomous answers. Seven initial themes were chosen and an eighth theme: design 
management was added after two interviews had been conducted, as it emerged as being an 
important topic. The final interview questionnaire is in Appendix 3-1. Briefly, the themes were: 
1. Design process 
To settle participants into the interview, they were asked to start by describing a typical 
design process for a product they have designed. This was to allow the interviewer to pick 
up on points for further probing, e. g. about user involvement or product representations 
used. Respondents were encouraged to show examples of work, where confidentiality 
permitted. 
2. User involvement 
User involvement in the design process was usually introduced when respondents were asked 
to talk about the general design process. The prompt normally introduced was 'and do you 
Involve users in this proocess? ' Gentle questioning aimed to establish firstly if users were 
used, and if so, in what ways, and if not, why not. These questions were to ascertain the 
importance and value of end users in the design process. 
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3. Understanding of inclusive design 
Participants were encouraged to discuss their understanding of inclusive design, and describe 
if and how they practiced its principles. This was to establish if designers were familiar with 
inclusive design, if they thought it was an important thing to consider, and if unfamiliar with 
the term, or chose not to practise it, they were probed further for the reasons why. 
4. Product representations 
Prompts were formulated to discover what types of product representations the designers 
used; which they would present to users; and how they believed users perceived such 
representations. 
S. Digital product representations 
Designers were probed on their use of CAD and other digital means of representing products 
to users; and if they did the CAD themselves. The focus was not on the technical issues of 
CAD, but more about its potential application with users. 
6. Rapid prototyping 
The designers were also asked to describe their use of RP, with respect to if they showed RP 
models to users, and how they thought users perceived such models. 
7. Real-time co-designing 
The idea of designers co-designing together with users using digital and physical 
representations was introduced, and the interviewees were asked for their views on the 
feasibility of this. 
8. Design management 
This area of discussion was introduced after two interviews had been conducted when it 
emerged that design management and client issues impacted upon the designers' ability to 
involve users, and the product representations that were used. The respondents were asked 
about how much influence they had to change how things were done, for example, in 
instigating user involvement; the level of user involvement, and convincing management of 
the need for change. 
7.2.3. Pragmatic issues 
The interviews lasted between 45 and 90 minutes in order to meet with designers' time 
constraints. All of the interviews were conducted at the designers' place of work: usually in a 
meeting room. One exception was an interview which had to be conducted via email, as the 
interviewer was unable to travel to the designer's place of work. In this instance, an introduction 
was added to each question, to mimic the interview pre-amble given before introducing a new 
topic area. 
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Interviews were recorded on a Dictaphone machine, and transcribed verbatim within three days 
of the interview. Tapes were stored carefully to protect respondents' confidentiality during the 
transcription and analysis stages. After this, the recordings were destroyed. University guidelines 
were followed to keep participant responses anonymous and confidential. 
The first two interviews were conducted as pilot interviews to test the questionnaire and 
procedure. Following these, only small changes were needed, l. e. the questionnaire was 
amended to include additional prompts. These pilot interviews provided valuable responses and 
were therefore included in the sample. 
7.2.4. Interview procedure 
1. The designers were contacted by email to establish their interest in participating. 
They were sent a description of the research aims, what participation would involve 
and a list of the main topics for discussion. 
2. The email was followed up by a telephone call. Once the designers had confirmed 
that they were willing to be interviewed, a date and time were arranged. An email 
was sent to confirm this. 
3. At the interview, the reasons for the interview were explained and the designers were 
asked for their permission for it to be tape recorded. Participants then signed a 
consent form to agree to take part (Appendix 3-2). 
4. The interviews were then conducted and notes were made throughout to supplement 
the transcript. The order of questioning was flexible, and topics were checked off as 
they were discussed. 
5. On completion of the interviews, the designers were thanked for their time. 
6. The following day, a thank-you email was sent to the participants. 
7. The tape-recordings were listened to and transcribed verbatim. 
Characteristically of a naturalistic inquiry, it was felt after 10 interviews that further interviews 
would yield little new information as the same trends and themes emerged. The pragmatic issues 
of time; travelling costs; and gaining access to designers also played a part (as discussed 
previously). 
7.2.5. Data analysis 
Qualitative data were assessed and quantified with regard to the number of repeated themes 
emerging across all the participants, as discussed in Chapter S. As respondents were putting 
forward the same ideas and comments, this enabled counts of the number of times each view 
was expressed. Qualitative data in the form of comments and quotations were also included to 
illustrate relevant issues. 
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To analyse the transcripts for recurring themes, a coding strategy suggested by Erlandson et al 
(1993) was used, whereby the data were (i) broken down into distinct units of meaning (unitising 
data) and (ii) grouped together in themes (emergent category designation), thus generating 
'concepts'. A unit of data was defined as being one idea in a portion of content, and could be 
words, a sentence or a paragraph. Because the questioning during the interview did not follow 
the order on the questionnaire, it was necessary to code the transcript firstly, into the 8 pre- 
defined categories. Table 7-1 shows the main themes and their codes. Once all the information 
for each main theme had been collated, each theme was examined further for concepts 
(emergent category designation), and broken down further into sub-concepts as necessary. 
Appendix 3-3 contains the full list of the concept coding strategies. 
Table 7-1: Main themes and their codes 
Code Main categories 
dp design process 
ui user involvement 
uid understanding of inclusive design 
pr product representation 
cad computer-aided design 
rp rapid prototyping 
rcd real-time co-designing 
dm design management 
7.3. Results 
Ten interviews were conducted with: 4 design consultants (company size ranging from 2-12 
designers); 4 In-house designers (company size ranging from 40 to multinational) and 2 freelance 
designers with an academic bias. In some organisations, more than one designer was present at 
the interview. The product ranges covered by the designers in the sample included domestic 
appliances, kitchen equipment, garden tools, general consumer products, medical devices and 
military equipment. 
Nine out of the 10 organisations were contacted due to the author being provided with a named 
contact from colleagues. This provided a suitable breadth of type of organisation and products 
designed. Attempts were made to `cold call' suitable organisations, but only one organisation 
agreed to be interviewed after being contacted in this way: companies tended not to reply to 
emails and telephone messages. Trying to obtain an interview with a large London-based 
consultancy also proved unsuccessful, as the potential interviewee could not be tied down to a 
time and date for the interview, despite agreeing to participate. Evidently the most successful 
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way to get inside an organisation was by being introduced through a personal contact. Other 
studies (e. g Gyl et al 2000; Sims 2003) have reported similar difficulties in obtaining interviewees 
in design organisations. 
Interviews (including the pilot interviews) took place between December 2002 and May 2003. 
This six month time period was due to the difficulties accessing designers. Although the interview 
involved eight themes, for the purpose of analysis and to avoid repetition, inclusive design was 
included under user involvement, and CAD and RP were grouped together with product 
representations. The findings are presented according to the categories of user involvement, 
product representations, co-designing in real-time, and design management. A summary of the 
findings can be found in Cain et al (2003). 
7.3.1. User involvement 
Following analysis of all data in the user involvement theme, 10 main concepts emerged (Table 
7-2). 
Table 7-2: Concepts for user involvement 
User involvement 
Who is the end user? 
Reasons for involving users 
Problems and barriers to involving users 
When to involve users 
Designers being involved personally in user trials 
Inclusive design 
Designers understanding users 
Designers understanding market research 
Working with external parties 
Examples of user Involvement 
When asked about user involvement, the designers had different Ideas about who the user was. 
The concept of a 'user' was the person to who the designer would present their ideas too. This 
included not only consumers, but also clients, investors, buyers, management and colleagues. 
The designers were asked for the purpose of the interview to specifically consider the consumer 
as the user. 
Designers voiced positive and negative opinions about the value of user involvement in designing, 
but unfortunately, many more negative than positive reasons (24 vs 8) were raised. Positive 
comments included the recognition by most designers that user involvement was fundamental in 
achieving a better design outcome, and allowing the designer to step back from the design, and 
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see it from the users' point of view. This was seen as particularly useful In the early stages of 
designing "users are very good at critiquing existing products, especially before you start 
designing". It was acknowledged that users can highlight oversights and make valuable 
suggestions. Regulations, legislation and safety requirements were suggested by two designers 
as being Important reasons to involve users. Interestingly, these designers were both from 
companies who designed medical and assistive devices. 
There were considerably more negative responses to user involvement, which were then grouped 
into seven sub-concepts. Table 7-3 summarises the designers' perceived barriers to user 
involvement, together with the frequency of comments made. It is interesting to note a 
difference in attitude between large and smaller organisations. Only 2 (8%) of these negative 
comments were made by the designers from large in-house multi-national organisations. The 
remainder of the comments were made by designers from smaller organisations, e. g. focus 
groups were considered "a waste of time as people copy each others' mistakes' and difficulties 
were indentified in changing people's ideas about how they should Interact with a product when 
they have a pre-determined mental model. 
Table 7-3: Barriers to user involvement 
Barriers to user involvement Frequency 
Apathy - there's not much point 4 
Designeras user -I can pretend to be the user 5 
The designer's role - it's not my job 1 
Design by committee - you will end up with a dull design 4 
Time and money - it's too expensive and there's not enough time 7 
Confidentiality - the design is secret 2 
Users' understanding (or lack of) 4 
Total 24 
Three contrasting design organisations (a consultancy, SME and a freelance designer) projected 
feelings of apathy, and `could not see the point', believing that users would not be interested: "It 
can be uninteresting to those involved. Showing a similargroup of users a pmduct is not a fair 
use of their time, even if they are getting paid' 
Half of the designers interviewed described how they could pretend to be the user, or their 
colleagues in the office could play the role, thus rendering real user involvement needless "I 
suppose I am the user, or that the client could evaluate the product on behalf of the user. 
Confidentiality was given as one reason for this, and when time was short, using colleagues 
instead of real users was justified. There was also the opinion that it should not be the designer's 
job to work with users, as there are other professionals who can "feed them the Information they 
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need'. One designer strongly believed that it is not the designers' job to work with users, for 
example, being present at user trials as "they can justsee clips of the relevant elements". ' 
Too much user feedback was considered to be a bad thing by four different designers, essentially 
becoming "design by committee". Focus groups in particular, were identified as producing dull 
designs due to 'an amalgamation ofeveiyonesideas and they were also criticised for being at 
th e forefront of producing "grey design where the aesthetic of the product would be reduced to 
the mean opinion". 
The most frequently reported reason by smaller organisations for not involving users was due to 
time and money. It was stated as being too time consuming and too expensive, "on a 
commercial basis lt is time consuming, and time is money" One design consultancy reported that 
clients were not willing to pay for user research because it is not as tangible as seeing a physical 
outcome, such as a model. In these cases, there is just not a budget for user involvement. 
Two of the smaller organisations perceived confidentiality to be a problem by exposing members 
of the public to new design work, and finally, one designer, perhaps rather cynically believed that 
users have their own agenda and providing they receive their incentive payment, they do not care 
about the product in question. Another designer identified that users'views may not be 
representative of the target population. 
The general consensus by the designers was that user involvement should always be in the early 
stages of designing, referred to by one designer as "opportunitypmspectng': One designer was 
an exception however, saying that in reality although users are sometimes involved throughout 
the design process, it is usually at the end. 
Interestingly, the two designers who revealed that they have been present at trials where users 
evaluated concepts were from in-house design departments in multi-national organisations. One 
designer revealed that when it was not possible for the whole design team to "get to a tna/, they 
have been shown a video. This however, was still acknowledged as not being good enough: "a 
video is great but it's not the same... you lose something'. Eight designers gave specific 
examples of when users had been involved in the design process. Examples Included blue sky 
discussions about future products, showing synthetic wood models to users In a focus group, 
users evaluating rapid prototyped models, user tests with full scale mock-ups, and evaluating 
concepts with users to get preference data. 
One designer opposed the notion that designers should involve users in designing, saying that it 
depended upon where the designer's professional remit started and ended. This individual was 
strongly of the opinion that market research information from professional agencies was the best 
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way to get appropriate information. Half of the designers described how they had used external 
parties: two designers had consulted professional ergonomists; two had used market research 
agencies for concept testing, and one had worked with an outside agency to conduct focus 
groups. 
It was apparent that'user involvement' to the designers did not extend so far as to include 
participation in designing, or co-designing. User involvement was largely taken to mean focus 
group discussions and evaluating prototypes, often through market research agencies. There 
was no evidence that users were involved in making physical changes to the representations they 
were presented with. 
Regarding inclusive design, only three designers were seen to be advocating the use of this 
approach: two designers were from multi-national organisations, the other from a consultancy. 
These designers showed an understanding of inclusive design, and their organisations had tested 
products with a wide range of users, from children to older arthritic users. The design consultant 
described how they had referred to hand ergonomics data to ensure a handle would fit the 
largest range of users. A designer from a multi-national design organisation stressed the 
importance of understanding and getting to the roots of what problems users have with products. 
Two other designers were more critical of inclusive design, and an interesting, if rather 
controversial comment by one design consultant was: 
... 
'There's a lot of to/king shops going on, but the problem in the commerria/ world is 
that it's driven by profit and you can get all socially responsible, but if you don't sell 
enough products then you go out of business When it comes to it, consumers often turret 
away from a product that carries an extra cost.. Sorial res onsibi/ityhas a price, and if 
you can make it for the same price then people will do if 
In a slightly different vein, a freelance designer condoned the use of exclusive, as well as 
inclusive design: 
"1 dontgo out of my way to do [inclusive design] on everyproject. for some projects 
it's completely Inappropriate. Exclusive design is also necessary and not a/ways bad - 
Imagine making one pair ofjeans to >it everyone, or sports cars for the elderly. The 
results would please no one. Inclusive design shou/d beemployed to Improve qualityof 
life, not g en e ri ci se everything' 
Two designers (from a consultancy and a multinational) expressed concern about market 
research. One concern was that if designers are not qualified to use the tools, it can lead to 
misleading information be used to justify a wrong design decision. Another concern expressed 
was that some information is lost in the communication between the market researcher and the 
designer. The designer described an instance whereby product concepts had been tested with 
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users: "people put them in order, they get given a percentage, then that's basically the winner" 
What the designer was not told was whycertain products were ranked lower or higher, which 
would be more useful. 
7.3.2. Product representations 
13 main concepts emerged from the analysis of data under the product representation theme 
(Table 7-4). 
Table 7-4: Concepts for product representations 
Product representations 
Physical Models and mock-ups 
Rapid prototyped models 
Unfinished rapid prototyped models 
Problems with physical models 
CAD 
Animations 
CAD lies 
CAD and RP used together 
Showing product representations to users 
(and clients, buyers, internally and externally) 
Context 
Users understanding of product representations 
Recommendations for product representations 
Ergonomic evaluations 
A variety of physical models and mock-ups were reported to be shown to end users, including 
appearance prototypes; block models from synthetic and engineering woods; metal fabrications; 
full scale working prototypes; models produced through Computer Numerical Control (CNC); and 
foam models. All of the designers reported using physical models at some point in the design 
process. Designers from the larger organisations reported how they would use many different 
models, each slightly different to represent a different element of the product. It appeared that 
traditional model making techniques (e. g. block models), and materials (e. g. Medium Density 
Fibreboard (MDF), foam) were used extensively. Three designers described how in some cases 
they prefered traditional methods over CAD and RP, because computer-based representations do 
not offer any more advantages, and are expensive and time consuming, e. g. "... it's much quicker 
to use the ski//s of the artists and designers we have; and "tradi[iona/mode/ making Is as good 
as rapid prototyping in some cases, especially when the models have to be the actual size 
because SLA makes it quite expensive, and the customer would not pay for Math 
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With regard to RP models, six organisations reported their use: three reported that the rapid 
prototyped parts were not used as models in themselves, but were used for checking the 
geometry in the CAD data and for producing master moulds for vacuum castings to produce 
multiple parts. Unfinished RP models were considered to be useful for removing outside 
influences, which might obstruct the user from evaluating more important features by five 
organisations, e. g. '7 think by co/outing it[the mode/] you give people other things to eva/uate . 
This corresponds with the findings from the study in Chapter 6. Unfinished models were also 
reported to be valuable for internal communication with other members of the design team, and 
for checking tolerances and fits, "rough models have more value to us intern//y than anywhere 
else and its also good for communicating with suppliers about materials and finishes': 
Seven organisations identified problems with physical models, both traditional and those 
produced by rapid prototyping. The problems included the time involved in making models (3 
designers), and the high cost in producing models (three designers). The problem of making 
models robust enough for user testing was reported by four designers, e. g. "we've had Instances 
where people have dropped the models because they look so mal; they dropped it to see how 
strong it is': A problem with models looking too real was also considered a problem, as users try 
to operate parts of the product which are purely visual, rather than functional. Interestingly, this 
was also found in the study presented in Chapter 6, where a participant snapped the RP model of 
the fork, while checking the strength of the part. Because models are often produced by external 
agencies, two organisations expressed problems with communicating what the model should look 
like. The lapse In communication was attributed to communication being through email due to 
geographical differences, and the incompatibility of CAD data to produce RP models. 
All of the designers used some kind of 3D computer modelling In the design process, whether It 
was CAD software, or 3D visualisation and rendering software such as 3D Studio. It was believed 
that these representations gave users an Idea of form, and the visuals could demonstrate 
appearance and context while 'short-circuiting" the time It takes to produce a fully finished 
physical model, "l%e shown a G4D model for appearance, and an RP mode/ for them to put their 
hands on' 3D computer modelling was generally used at an early stage in designing, thus 
indicating the potential for computer-based co-designing to be used in the early design stages. In 
the larger organisations, the designers did not always do the CAD themselves, as it was passed 
onto dedicated CAD technicians within the same company who prepared CAD data for rapid 
prototyping. 
Five designers discussed their organisation's use of animated 3D CAD models as a method to 
represent products, but with mixed views on their value. One designer believed that animations 
only served to "tartan image up; stating that physical prototypes were much more useful than 
animations, and another designer described how an animation could represent a product, which 
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in reality wouldn't work. On the other hand, three designers believed that animations could 
potentially help users who are less able to visualise in 3D. 
More than half of the designers identified problems with using digital models and renderings 
related to the fact that users can unintentionally, or intentionally be misled about a design 
proposition. Two designers thought that CAD visuals could make a product look better than it is 
in real life, "some nasty cheap products can be made to look nicer in visuals': Another two 
designers explained instances where a digital visual has presented a product which is 
commercially not viable to make, or shows a product which couldn't be made, "you can make 
things look real and lie, but it can be Impossible to make, or not be commercially viable" The 
risk was also identified by three designers who thought that products can be misrepresented 
through the use of tricks such as exaggerated perspective, reflective surfaces and highlights, 
which can either make the product look better than it would in real life, or simply just confuse the 
viewer. 
Half of the designers had used digital visuals and basic unfinished 3D models together to 
communicate design concepts. When questioned about what types of representations the 
designers showed to their end users (whether they be the user, the dient, or the buyer), It was 
evident that the designers all worked In different ways, depending on their resources, time 
available and whom they were presenting to. There was also a difference between what 
designers would present internally, compared with what they would present to external users. 
Half of the designers reported showing users more finished representations in the form of 
appearance prototypes or digital CAD renderings, whereas designers and "nie sophisticated 
dients'could be shown unfinished raw models and sketches. Internally, sketches and 2D 
representations were reported by four organisations to be used more frequently. In one instance, 
a designer reported having to show 2D sketches to senior company members for them to justify 
the cost of producing a rapid prototype. This was also the case with another designer whereby It 
was felt that doing CAD too early on was "pointless and a waste of time': Interestingly both of 
these designers belonged to small organisations. It was evident that designers in larger 
organisations tended to use finished physical models to a larger extent than smaller 
organisations, who made greater use of sketches and lower fidelity models such as foam. Cost is 
obviously a major factor in the selection of product representations. 
Four designers described the importance of presenting the product in an appropriate context, for 
example what it attaches to or is used with. The problem of viewing a product on a screen was 
suggested as sometimes lacking in context. One designer said they never presented products in 
context or indicated dimensions on their drawings because "itjustdutters Ita/I up'' 
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Regarding users' understanding of product representations, designers' comments mainly 
concerned what users would not understand from different representations, as opposed to what 
they would understand (as was also found to be the case in the study presented in Chapter 6). 
Three designers discussed how people have difficulty understanding sketches of products - both 
dients and users, "unless you are design literate, you can have trouble understanding hand 
drawn sketches .. dients will not always like what they see, they need to see tighter, crisper 
renderings In order to fully understand the product': The general impression gained from the 
designers, was that any type of representation which is not "resolved and worked out, will 
provoke a bad reaction from users and clients alike. Unfinished physical models such as those 
made from foam were also identified as not always being appropriate due to the viewer's inability 
to 'bridge the gap"between the model and the product. Conversely, as well as models not 
looking realistic enough, the model-product gap also manifests itself with users sometimes unable 
to tell the difference between the model and a real product, "I've found that people don? a/ways 
appreciate that a mode/ is something rather than the actual thing. If you tell them its just a 
prototype its not meant to be quite like that then there sa shift in peoples minds, which some 
people aren t willing to do': One designer described how he thought that CAD models might not 
be suitable for showing to users, because they may not be able to make the connection between 
the model and the product. He recommended that it would depend on the person showing the 
model, and that they showed it in the right way. There was a perceived differentiation between 
what designers can understand as creative imaginative people who talk the same language, and 
what non-designers (and clients, buyers, managers etc) can understand. 
The designers were able to make recommendations for how representations should be shown to 
users. Regarding CAD models, four designers recommended that renderings should be highly 
finished, in full colour and as realistic as possible, e. g. "CAD representations should look like 
photographs': It was recommended to paint physical models, and that they should replicate the 
correct weight. CAD models used to test visual properties, with a working prototype in a single 
colour to test physical properties was recommended as a way for users to gain a fuller 
understanding of the product. Five designers described how physical models should always be 
used to give users the fullest understanding of the product, "anything less requires from the user 
a potentialleap offaith': It is encouraging to note that these opinions were validated by the 
findings presented in Chapter 6. 
The final concept identified under the theme of product representations, was users' abilities to 
make ergonomic evaluations. Four designers aired differing views on whether users could 
evaluate the ergonomics of a product from an on-screen CAD image. Two designers thought that 
it was not possible to make such evaluations, unless specific ergonomics software was used 
"where you can put a user into 3D space' (as discussed in Section 3.5.1). Existing CAD systems 
were thought not to be good enough yet "to be ata level where it would replace a physical 
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model': One designer stated "with the facilities we have at the moment I think you can use it at 
a aside level, in terms of looking at things like anthropome[ric charts and actually yoking at 
sizes, but it Is not sophisticated to give us feedback in terms of handling or how theypefreive the 
correct perception of the product" One designer felt that ergonomists, designers, marketers, and 
in extreme cases, users could make evaluations from CAD models if they "were really switched 
on" to a product group. Another designer thought that people could even learn to make 
evaluations from the CAD Images, although how they'learn' this is questionable. 
7.3.3. Real-time co-designing 
The designers responded in three different ways when presented with the idea of co-designing in 
real-time using computer-based product representations. They either offered positive comments; 
negative comments through identifying possible problems, or offering advice on how such an 
activity could be implemented (Table 7-5). 
Table 7-5: Concepts for real-time co-designing 
Real time co-designing 
Positive comments - interesting; time and cost saving 
Negative comments - skill; technology; reflection and vision; users do not know 
what they want; the designer knows best; practical issues; always need a physical 
model. 
Advice - use physical models; technology; options; working with users; devising the 
process; context. 
Positive feedback was received from seven designers, as real-time co-designing with users was 
perceived to be an interesting, time and cost saving, good idea, which could potentially work 
providing there was the right equipment and technicians, "it could save time - the time of the 
dient and the designer is expensive, so the more work they can do when they are togebher, the 
better': In this case, the client was considered to be the `user. 
Regarding the negative feedback, seven different problems were identified from the designers' 
responses. It was felt that its success would be dependent upon the skill of the operator or 
designer, and the technology, "there is a fine line between a CAD operator and actually 
designing' Four designers were of the view that current technology would not be suitable, as 
existing CAD does not allow for changes to be made easily, "with the technology we have got at 
the moment we would sbvggle to do it'. Three designers expressed concern that such an 
activity may hamper their process of reflection and vision, if for example a design was signed off 
in real time before they had the opportunity to reflect upon their design decisions. 
147 
There was also the view by four designers, that users do not always know what they want until 
they see it, and may struggle to suggest feasible changes, "what users say they want and what 
they buy are two different things because they are not honest with themselves. It Is the 
difference between a rationalised well thought-out answer because an interviewer has stuck a 
mianphone In your face, and the reality of life, which is that you will behave impulsively and 
emotional/y° Three designers considered themselves to know better than users what the 
product should look like, as they are more "free th/nking' These designers believed that 'it 
should not be the user's role to take over the whole design': 
Practical issues identified by three designers included the logistics of such an exercise, the high 
costs involved, and having access to the right tools and time to produce designs quickly. Two 
designers were adamant that there was absolutely no substitute for interacting with a physical 
model, due the subtleties of tactility, "even if the terhno%gy were better, it will never substitute 
physically assessing the real thing : 
The advice offered by five designers in implementing real time co-designing included the use of 
rapid prototyped physical models, as well as CAD models, and the possible use of design options 
to limit the possible number of variants. Two designers suggested that the interface used by the 
designers would need to be user-friendly, otherwise designers would need to pay other people to 
use it. One designer offered considerable advice on how to communicate with users, and how to 
get the most from users in getting them to be honest about designs and criticise. He claimed 
that "70% of communication is non-verbal, so the decision is whether to believe what users tell 
the designer, or believe what the designer thinks they really mean. This shows where 
communication through non-verbal means, e. g. through product representations would assist the 
design process. Finally, two designers suggested the importance of presenting the product 
concepts in context to communicate the whole product experience. 
7.3.4. Design management 
This theme was added after the second interview had been conducted, as it emerged that the 
final decisions about how or when to involve users did not always rest with designers themselves, 
but with their design managers, or dient organisations -those who generally controlled budgets. 
In small companies particularly where there was a small in-house design team, problems of 
managers not understanding the design process were reported. The designers were asked how 
they might go about persuading their managers of the benefits of user involvement, and 
responses were that managers need to be shown examples of where user involvement in design 
has been used and the advantages and competitive advantage it has delivered. 
Design consultancies appeared to be in a difficult position, in that ultimately, the decision to 
involve users was not down to them, but to their dient. One design consultant claimed that 
clients came to them specifically because of their user-centred approach, but if the dient chose 
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not to follow that approach, then that was up to them. Another designer described how 
consultancies are less likely to push clients to involve users, as ultimately the consultancy doesn't 
have the same comeback as the client, who has the brand. It appears that the challenge 
therefore is to convince design management and their clients of the clear benefits of user 
involvement. 
7.4. Discussion 
Through ten interviews with professional designers, an understanding of current thinking by 
design professionals regarding user involvement, product representations, and the feasibility of 
co-designing with end users has emerged. Furthermore, unexpected insights were gained into 
design management issues concerning user involvement in design. It is important to note that as 
the interviews were conducted with individual designers, it cannot be assumed that they were 
expressing the views of their organisation. Neither can it be assumed that the views presented 
here are representative of the entire design population due to the sampling limitation discussed 
previously. Despite this, the designers revealed many interesting and poignant issues. This 
discussion elaborates upon these, and draws upon further evidence from the literature. 
7.4.1. User involvement 
User involvement to the designers mostly meant focus groups or concept screening with 
prototypes In user trials. There was no impression from the interviews, that user involvement 
meant participation in designing, or co-designing. There was no evidence that users were ever 
pro-active in physically changing product representations to reflect their own ideas and needs, or 
were present while product representations were changed by designers. This indicates that co- 
designing is not practiced by these designers, therefore views on the potential of this activity 
were extremely valuable. 
It was encouraging to see that designers understand the need to involve users, although 
decisions to do so are were often legislation or safety driven. For example, product liability 
legislation has made designers more liable for the consequences of accidents (Hasdogan 1996). 
It was less encouraging to learn that despite being aware of the benefits of user involvement, 
these designers still chose not to practice it. The main reason given was the costs involved (e. g. 
In recruiting participants, producing multiple prototypes, and time). Hasdogan (1996) also 
reported that designers find involving users very expensive, and it can normally only be afforded 
by the manufacturing company producing the product. Time was also found to be an issue by 
Sims (2003), who interviewed 32 practicing designers about user involvement. This would explain 
why it is mostly the larger organisations that actively involve users, due to larger budgets, 
dedicated research departments and access to resources. There does not seem to be an 
appreciation among the designers from smaller organisations that the costs connected to user 
involvement In the design process are recouped through a successful end product, which sells 
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well because it successfully addresses users' needs. There is therefore a clear requirement for 
user involvement methods to be cheaply and quickly conducted, to address designers' fears about 
extra constraints in time and costs. 
The designers produced many 'excuses' for not involving users. With the exception of time and 
money as previously discussed, the next most popular reason was that designers or their 
colleagues can 'pretend'to be the user. In an interview study with 10 practicing designers, Dahl 
(2001) discovered that not one mentioned the need to even visualise the end user during the 
design process. Sims (2003) also found that designers thought they were the users, and 
Hasdogan (1996) who identified that designers have assumptions about users through their own 
previous experience, and these presumptions aid designers in making judgements about users. 
In the same vein, Margolin (1997) discussed how designers are users themselves, and can 
therefore draw on their own experience to create products instinctively, rather than a result of 
design training. This could be considered a dangerous perception, and aside from physical and 
usability needs based on age and disability, there is also the issue of how designers can 
empathise on a deeper level with users with different lifestyles and cultures to their own. 
Norman (1988), in contrast to Margolin's views notes that designers are not typical users, and the 
designer's clients may not be users. Norman observes that there is a big difference between the 
expertise required to be a designer and that required to be a user: "designers often become 
expert with the device they are designing, while users are often expert with the task they are 
trying to perform with the devicE'. 
Reich et al (1996) argued the pros and cons of involving users In the design process by 
"designers-being-users': On the positive side, they argued that since designers' values and 
judgements are the users' as well, designers are subject to no external Influences and can 
proceed from their own subjective ideas and values and can be as artistic as they are personally 
capable. In this manner, the users do not need to communicate needs to designers, because 
designers-as users already know them. This was the view favoured by some of the designers 
interviewed. The negative outcome of this thinking however, and with which the author agrees, is 
that the designer-as-user cannot possibly gain insights in the perspectives of other users, as 
users themselves are not without bias. The first obstacle to overcome therefore, in guiding 
designers to co-design is that they must first of all understand why user-involvement is 
necessary. Perhaps by showing organisations the new things that they can learn about their 
users through user involvement, designers may be more open-minded to its possibilities. 
It is possible that choosing to ignore the fresh insights that user involvement can bring to a 
design problem could be because of designers"arrogance' and the belief that they do not need 
inspiration or feedback from users. Margolin (1997) claimed that designers frequently consider 
their aesthetic judgement to be Independent of consumer taste. Fletcher (1999) has suggested 
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that a reason that designers may not want input from others, is that as creators they view their 
own output as part of themselves and take criticism particularly badly. Designers may see user 
involvement through co-designing as criticism of their design abilities. Perhaps it is therefore the 
nature of designers as people, which makes them unwilling to involve users? Fletcher (1999) 
portrays creative people as having high self-esteem, and more likely to listen to themselves and 
trust their own judgements, than the society or profession to which they belong. This would fit 
with some designers' evident unwillingness to admit that non-designers can have good ideas too. 
There seemed to be a concern by the designers that users would'take over' a design. It is hardly 
surprising that designers are not keen to relinquish some control over their design: after years of 
design training, designers are quite rightfully in the best position to design a product. There will 
always be a need for experts who have trained and learned from producing designs. To accept 
user involvement in designing takes a shift in thinking by designers, who need to become more 
open-minded to the fact that they do not have a monopoly on good ideas, and their designs may 
be enriched and Inspired, not compromised by user involvement. Designers are not going to 
make this shift overnight however. Careful consideration needs to be given to how designers can 
be made aware of the benefits of user involvement, perhaps through demonstrations and 
examples that co-designing does not have to mean design by users, but designing with users, 
and that ultimately, designers will always have the final say. It is hoped that generating 
guidelines for co-designing, which show the degree of user involvement will go someway to 
addressing this problem. 
To a large extent, It will be difficult to communicate the advantages of user involvement to those 
designers who already advocate the approach, but who do it through external agencies, rather 
than personal Interaction with the users. Hasdogan (1996) reported the difficulties In designers 
gaining direct feedback from user tests, if conducted by the client. Although It Is promising that 
user involvement is seen as advantageous, the problem lies In communicating the key insights 
back to the designer. Inevitably, the richness of user Involvement will become diluted as the data 
is passed from party to party. One way round this Is for designers to be present during user- 
involvement sessions run by external agencies. However, it has been reported that even in- 
house designers can find it difficult to take part in and gain feedback from user-testing (Hasdogan 
1996). 
Unfortunately, some designers showed apathy for user-involvement - they just could not 'ee the 
point" and were of the opinion that users would not be interested either! Some designers 
commented that users do not know what they want, which was also reported by Gccantelli and 
Magidson (1993) and Ulwick (2002), who stated strongly that users "cannot be dvsted'to come 
up with solutions! Possible reasons for this apathy could be because designers have had a prior 
'bad' experience of user involvement where the activity did not produce the desired result. Or 
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perhaps the designers were not aware of the benefits that user involvement could bring, which 
brings us back to the question of how designers can be made aware of the benefits of user 
involvement, as already discussed. 
A perceived danger of user involvement was "design by committee': Focus groups in particular 
were seen as producing `grey' designs. The limitations of focus groups are well recognised 
(Bruseberg and McDonagh 2003), including problems relating to the dominance of individuals 
influencing other participants. Interestingly, (with the exception of a designer in a multi-national 
organisation) the designers' opinions relating to user involvement always saw them discussing 
groups of users, and the negativities associated with this. There was no sense that the designers 
thought that user Involvement would mean working closely with individual users. This therefore 
has implications for further investigations into co-designing, as it is not known how designers will 
react to working with individual users. 
A further excuse for not involving users was due to confidentiality, which is a valid concern, and 
design organisations obviously have to guard their Intellectual property. If using participants 
recruited through a market research agency, there is always the danger that they may have been 
involved with a similar product belonging to a competitor's brand. Norman (1998) discusses how 
designers can be prohibited from contacting users for fear they will accidentally reveal company 
plans for new products or mislead users into believing that new products are to be developed. A 
possible solution to the problem is to remove the brand, or major identifying features from the 
product representations before presenting them to users, and refer to the generic name of the 
product, rather than it's brand name, e. g. a saw, rather than `a Stanley saw'. Obviously however 
(as reported In Section 6.4.3), removing the brands from products does affect users' perceptions 
of the product. An alternative option is to involve 'users' who work for the organisation. 
Although not Ideal, any kind of user involvement is better than none! 
An inclusive design approach is only being used by a minority of the designers interviewed. It 
appears that acceptance of inclusive design is related to acceptance of user-involvement. Sims 
(2003) also found in interviews with 32 designers that 'design for all' was widely known about, 
but not practiced. Designers who saw the benefits of user-involvement seemed to understand 
the benefits of inclusive design. Sims (2003) suggested that the personal interest of the designer 
in inclusive design could also influence the degree to which the approach is adopted. It was 
apparent that inclusive design principles and practices have not yet filtered down to design 
departments in smaller organisations. It was promising that designers from two of the larger 
organisations considered inclusive design to be important. In the same way that technology 
gradually filters down to smaller companies, as it becomes more affordable, it is hoped that with 
enforceable inclusive legislation (such as the DDA act discussed in Section 2.3.1), and knowledge 
of market forces and demographics that more designers will become aware of its importance. 
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The way to improve the situation is to enforce the point that designing inclusively results in 
increased market size and therefore greater sales potential. 
7.4.2. Product representations 
Designers reported using a variety of product representations during designing, with traditional 
physical models still very much playing a part alongside computer-based representations such as 
CAD and RP. For instance, issues to do with the time and costs involved in producing both digital 
and physical RP representations came up repeatedly (as also reported by Ulrich and Eppinger, 
2000; Dahan and Hauser, 2002a; and Sade 1999). Problems with robustness of RP models with 
users 'testing' the strength of models was also reported, which interestingly, was also found in 
Chapter 6 when a participant snapped the RP model of the garden fork while checking the 
strength of the prongs. Designers' opinions on computer-based representations, such as CAD 
and RP indicate that with regards to potential co-designing activities, using these methods of 
product representation may be problematic. 
Interestingly, designers reported that unfinished RP models were presented to users when they 
wished to remove outside influences, such as colour. This compares well with the findings In 
Chapter 6, which showed that although unfinished models can elicit negative comments due to 
lack of colour, they can also play a useful role in extracting important Information, concerning 
usability and functional Issues. Evidence has also been found in the literature of the benefits of 
using unfinished or'low fidelity models to encourage discussions on particular aspects of a 
design, and to prevent users from thinking that a design cannot be changed, e. g. Kleef et at 
(2005); Demirbilek and Demirkan (2004); Hall (2001). 
Designers picked up on the fact that digital product representations can mislead a user about a 
design proposition, e. g. by making it look better digitally than it would in real life, through glossy 
renderings and distorted perspectives, as also reported by Tovey and Dekker (1996) and 
Mahdjoubi and Wiltshire (2001). Animations were also thought to be guilty of this, in showing 
products that would never be able to be manufactured. The designers' recognition that 'tricks of 
the trade' could mislead users about designs was promising, as at least they recognised this. 
Designers distinguished that there was a `model-product' gap, with users being unable to process 
the fact that a model was not the final product. This was also found in the study reported in 
Chapter 6. A further problem identified was the difficulty in finding a balance between a model 
which looks too realistic, and one that looks unrealistic. It was acknowledged that designers have 
to decide the degree of realism based on what they are trying to find out. Mahdjoubi and 
Wiltshire (2001) found that visual simulations were usually focussed on "selling". rather than 
"faithfully portraying". and suggested that "lying" had become a common characteristic of 
representations. Unfinished and finished models clearly play different roles in the design process, 
therefore a co-designing process should make use of these types of representations, but guidance 
is needed regarding when and how different fidelity representations should be used. 
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7.4.3. Real-time co-designing 
Promisingly, designers favouring user involvement were open-minded about the possibility of real 
time co-designing, but there was some doubt about how it would happen in a computer-based 
(CAD) environment, due to the difficulties in making changes. There was also a sense that 
designers felt that their role may be relegated to that of a facilitator, or just a CAD operator. This 
was also found in the real-time digital co-designing exercise conducted by Sener (2004), where 
designers took a passive role, responding to consumers' suggestions. She argued however, that 
the designers were still required to translate consumers' verbal and gestural descriptions into 
coherent product designs, therefore the designers' role prior to and after co-designing sessions 
remained undiluted. 
The designers returned to the importance of having a physical model, which indicates that any 
co-designing process, even if computer-based must have the facility to produce physical models. 
The interface of a digital co-designing system was recommended to be user-friendly, otherwise 
specialists would have to use it. The author would add that the user-interface should also be 
user-friendly to the user. Sener (2004) found that Freeform® virtual clay models have an 
inherently 'friendly' appearance and system of modification (in comparison with conventional 
CAD), which was easily understood and followed by users. It was apparent that the designers did 
not think that current conventional CAD tools would be suitable for interactive real-time co- 
designing. 
7.4.4. Design management and education 
The interviews revealed that many decisions to involve users do not rest with the designers 
themselves, but with design management or the client (as also reported by Hasdogan 1996 and 
Gyl et al 2000). Dahl (2001) in Interviews with designers about end user Involvement also found 
that Involving users is not easily achieved, as clients are unwilling to put resources towards It. 
Norman (1998) acknowledges that designers face a tough task, as they have to answer to their 
clients, and may not even know who their users are. The Issue therefore is how can 
management and clients be convinced of the benefits of user involvement? It is suggested that 
designers need to convince top-level management of the benefits of designing with users, and 
the need for relevant Information to inform the design process. This may then introduce a step 
change in thinking regarding user Involvement, as also suggested by Sims (2003). But, as these 
Interviews have shown, if designers do not see the benefits themselves, how can they 
communicate these back to management? It is easy to criticise designers for not involving users, 
but do they know how? It is believed that the root of the problem lies in design education. 
Bruseberg and McDonagh-Philp (2001) recognise that conventional product design / Industrial 
design training does not allow undergraduates the opportunity to develop or obtain skills In 
gathering and analysing the type of intangible, qualitative data produced through user- 
involvement. Boess and Lebbon (1998), through recognising the importance of inclusive design, 
154 
suggest that if student designers can be taught the benefits of user involvement, and practice it, 
they will take these skills with them into the workplace. How design students are taught to 
involve users is an interesting subject in its own right, but goes beyond the remit of this thesis. It 
is suggested that further work in this area would be valuable. 
7.5. Conclusions 
The specific objectives of the study were to gain an understanding of current thinking regarding: 
Product representations used by designers during NPD, and designers' use of product 
representations with end users - The use of a variety of product representations were 
reported, with physical models always playing a part alongside digital representations. Problems 
identified with digital and RP representations included time; costs; robustness; incompatibility; 
and misleading users about a proposition. The 'model-product' gap was identified. Unfinished 
representations were seen as having a useful role in the design process, in allowing users to 
consider certain aspects of a design by the removal of outside influences, such as colour. Lower 
fidelity representations were used more internally, and it was recommended that users should 
only be shown more finished representations. 
Designers' opinions of user involvement in the design process - The designers did not 
see user-involvement as meaning participation by users in designing, or co-designing. Most 
decisions to involve users were safety or legislation-driven. Despite being aware of the benefits 
of user involvement, most designers chose not to practice it. Many'excuses' were voiced for not 
involving users, including: designers 'pretending' to be users; apathy; not the designer's job; 
design by committee; time and money; confidentiality; and perceived lack of understanding by 
users. The nature of the designer's personality was suggested as a reason for opposition to user- 
Involvement. 
The perceived feasibility of co-designing with end users - Designers were open-minded to 
the idea, but today's conventional CAD was its main barrier. A real-time co-designing system 
must have the facility to produce physical models, and a user-friendly interface. Designers were 
concerned that their role would be reduced to that of a facilitator, but it is suggested that 
designers will always be required to translate users' contributions into feasible designs. 
Designers' understanding and application of inclusive design principles - An inclusive 
design approach was only being used by a minority of the designers interviewed. It appears that 
acceptance of inclusive design is related to acceptance of user-involvement, and its take-up is 
limited by designers in smaller organisations. It is expected that this will increase with knowledge 
of markets and demographics, and the pressures of legislation. 
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Design management issues concerning user involvement in design - Many decisions to 
Involve users do not rest with the designers themselves, but with design management and the 
client. The issue is for designers to convince management and the client of the benefits of user 
involvement, and for management to become more aware of external pressures (e. g. legislation) 
to involve users. By educating designers early on about how to Involve users by employing new 
methods, they will take these skills with them into the workplace. 
The Implications of these findings for co-designing guidelines emerging through this research are 
that designers need more positive examples of Involving users. This provides valid justification for 
conducting further exploratory studies into co-designing, as are reported In Chapters 9 and 10. 
Product representations are ways of facilitating the optimum user involvement needed. It is 
believed that using the right product representation at the right time, will go some way to quash 
negative views about the time and costs incurred through user-involvement. 
This study showed that designers can see some potential in the idea of real-time co-designing 
with users, but perceive today's CAD systems to be its biggest problem. This is clearly a need to 
explore further, how product representation technologies could facilitate co-designing. As there 
are various CAD and digital visualisation systems available, the next chapter will evaluate a 
selection computer-based product representation technologies for their suitability for facilitating 
co-designing. It is envisaged that the findings from the next Chapter will guide decision making 
in subsequent studies in this thesis. In this manner, emergent knowledge from these early 
studies (Chapters 6,7, and 8) is preparing the ground for more in-depth co-designing studies to 
be presented in Chapters 9 and 10. 
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CHAPTER EIGHT 
Computer-Based Product 
Representation Technologies for 
Co-designing 
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8. Computer-based product representation technologies for 
co-designing 
8.1. Introduction 
Knowledge about users understanding of computer-based product representations emerged in 
Chapter 6. This led to the designer's point of view on user involvement being established in 
Chapter 7, and suggestions were provided on how real-time co-designing might work. It was 
established that designers saw some potential problems with today's technology being suitable 
for co-designing. To address this issue, this chapter aims to produce an audit of computer-based 
product representations for co-designing, and addresses objective 3, as stated in Section 1.2). 
Co-designing in this context, is defined as a user having the capability to suggest design changes, 
and to see the results in real time. As the knowledge to be gained from this chapter builds upon 
knowledge gained from Chapters 6 and 7, this chapter finally concludes with a rationale behind 
further co-designing studies, which are presented in Chapters 9 and 10. 
8.1.1. Rationale 
Computer-based product representation technologies were reviewed in Chapter 3, but their co- 
designing potential was not evaluated in detail. It was established in Chapters 6 and 7 that 
computer-based product representations can potentially facilitate communication between 
designers and users. Designers were also open-minded to the idea of co-designing through 
computer-based product representations, but had reservations about whether current technology 
was `up to speed' (in terms of time, cost, flexibility, interactive capability etc. ). As far as the 
author was aware, there were no dedicated interactive 3D co-designing systems in existence. It 
was therefore important to consider how and whether the functionality of existing computer- 
based product representation technologies can be exploited to facilitate co-designing. It is 
envisaged that in doing this, recommendations for future interactive 3D co-designing tools can be 
generated. 
8.1.2 Aims 
The main aim of the research in this chapter was to evaluate computer-based product 
representation and provide recommendations on the potential of these technologies to facilitate 
interactive co-designing with users. Additionally, recommendations were to be made for future 
3D interactive co-designing tools. 
8.2. Evaluation criteria 
For a computer-based product representation to facilitate co-designing, it must be capable of 
being interactively modified by the user, or by the designer in the user's presence. In order to 
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benchmark existing technology, seven evaluation criteria were generated following discussion 
between the author and an experienced CAD user. The criteria were: 
1. The capability of making changes which are viewable in real time 
For a co-designing technology to be interactive, it must be capable of showing real-time changes. 
The amount of time considered to be'real time' is questionable however. For the purpose of 
auditing existing technology, real time is considered to be no more than a few minutes. For 
example, non-streaming solutions, as used in web-based images, and final quality rendering 
applications (Section 3.5.1), where rendering takes hours can not be considered to be real-time. 
Streaming solutions however, (also described in Section 3.5.1), and interactive or 'display' 
rendering do allow images to be rendered in real time. 
Acceptable amounts of time for real-time changes to be made to physical models are harder to 
define. A suitable benchmark is how long it would take to produce a physical model by traditional 
methods, such as working by hand with wood or foam. A model produced through rapid 
prototyping can take just a few hours, although setting up machinery, and finishing the model 
adds time to this. It is proposed that with today's technology, 1-2 days is an acceptable definition 
of real-time changes to physical models. Any longer than this, and the user may forget what they 
have co-designed, and the interaction cannot be considered `real-time'. In the future, this time 
could be reduced down to hours as 3D printers become cheaper (Section 3.6). 
2. The flexibility to make not only dimensional, but structural real-time changes 
Co-designing technology should give the user the opportunity to create or specify new features 
rather than simply relocate existing features. This would be re-configuration, rather than design. 
The changes should also be viewable in real-time. 
3. Offers flexible high quality visual presentation 
Users understand more about a product the more realistic the representation of it that they are 
viewing (as reported in Chapter 6). Therefore co-designing technology should offer high-quality 
visual presentation, with as accurate portrayal of colours, textures and materials. While a high 
quality presentation is important, it has been shown (in Chapters 3,6 and 7) that rough 
`unfinished' presentations can allow users to make suggestions, and can remove outside 
influences. Ideally, a co-designing technology should therefore be flexible to allow designers to 
select the level of quality and completion of a representation, depending upon which issues are 
important. 
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4. Allows the user to view product in 3D and manipulate the view 
An interactive co-designing technology should allow the user to view and rotate the product in 
three dimensions, to see all sides. The user should also be able to zoom in and out of views, if 
this enhances their understanding of the product and helps them to suggest design changes. 
S. Allows viewing of the product in context 
Chapter 6 showed it to be desirable for a product to be viewed in some kind of context, (e. g. the 
product's use environment, or a user). As discussed in Chapter 4, this is the `familiar size 
solution' (Epstein 1965). This provides the user information about a product's size, proportion 
and scale, which are lacking if the object is presented as simply `floating' in space. 
6. Allow the designer and the user to engage in verbal dialogue 
It is useful for the designer to know the reasons why users suggest changes. Therefore, the 
technology should allow the designer and user to engage in a verbal dialogue. This may also 
encourage innovative ideas to emerge, as the user and designer can `bounce' ideas off each 
other, and encourage an iterative design process. The dialogue could potentially take place 
where the designer and user are in the same setting, or remotely through communications 
technology, e. g. over the Internet. 
7. Data should be directly transferable further into design process e. g. for rapid 
prototyping 
As reiterated in Chapters 6 and 7, users must manipulate a physical model for full understanding 
of a product. Therefore, the technology must be capable of producing a physical 3D output, 
through rapid prototyping, preferably without needing to use different software to prepare RP 
data files. This makes the process time-consuming. 
Additional criteria could also include important pragmatic issues such as the time to produce the 
representations; the costs involved: both materials, equipment and personnel; availability of the 
technology; and the prior knowledge required by the designer or user to operate and view the 
technology. It is accepted however, that any co-designing technology will incur costs, take time, 
and require training, so this audit will concentrate predominantly on functionality. 
8.3. Co-designing technology candidates 
With reference to the technologies discussed in Chapter 3, the following have been short-listed as 
potential candidates for facilitating interactive co-designing. As this audit will provide the 
rationale behind further co-designing studies, only those technologies which the author has 
access to can be considered. The following have been selected for evaluation: 
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" 3D Digital models in solid and NURBS based parametric CAD modelling systems. 
" 3D CAD viewers. 
" 3D Rapid prototyped physical models produced from 3D CAD data. 
" 2D and 3D computer-based static images (not able to be manipulated or animated). 
" Web-based 2D and 3D product representations. 
" Products displayed in human modelling software. 
" Virtual sculpting using the Freeform® system. 
To provide a benchmark for these technologies, the non-digital methods of representing products 
were also included: 
0 Hand-drawn sketches 
" Hand-made models and basic prototypes. 
8.4. Evaluation of co-designing potential 
Each technology is now discussed for its ability to facilitate co-designing. Refer to Chapter 3 for a 
background and further information on each technology. Using the evaluation criteria described in 
Section 8.2, the technology is judged by the author with regards to its ability to facilitate 
interactive co-designing. All judgements are arbitrary, being based on the author's previous 
experience and knowledge of computer-based product representations. 
8.4.1.3D Digital models in solid and NURBS based parametric CAD modelling 
systems 
For CAD modelling software to facilitate co-designing, a user must instruct changes to be made to 
a 3D CAD model, and then the model must be rendered in real time to show the changes. It is 
not considered feasible for the user to make the changes themselves, as this would require prior 
knowledge of the software. For a designer to implement suggested design changes to a 3D CAD 
model, the model must therefore be'set up'to facilitate parametric modelling and updating (see 
Section 3.5.1). Although there are many different 3D digital software programs, the fundamental 
modelling commands are generic (extruding, revolving, lofting etc., refer to Appendix 1-2 for a 
description of these). Two exploratory exercises were conducted to assess co-designing with 
CAD: 
Changing sketch profiles 
This method of modification involved changing sketch profiles through extruding and revolving. A 
'quick and dirty'trial was set up, using an expert CAD operator with a design background (who 
took the role of the designer), and the author taking the role of the user. The CAD model of the 
small gardening fork, which was modelled in Pro/ENGINEER® for Chapter 6 was used 
(Pro/ENGINEER 2004). The aim was for the user to optimise the handle according to their 
personal preference. The designer and the user sat side-by-side in front of a PC (Figure 8-1). 
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The user suggested a design change, which the designer then attempted to make to the model. 
The modelling procedure and corresponding screen shots of the model as it progressed are in 
Appendix 4-1. 
__ý. 
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Figure 8-1: Set-up for quick and dirty co-designing trial 
Following the exercise, the designer and user discussed the process. Both agreed that this was a 
frustrating exercise. The user felt that the designer did not always understand what she was 
asking for, and the designer reported difficulty in interpreting the user's descriptions, although 
she found that the users' quick sketches helped. A problem with doing sketches in this case 
however is that the author played the part of the user, and having a design background, it was 
intuitive to pick up a pencil and to sketch the idea. It is not known whether a user with no design 
experience would intuitively do this, therefore, it cannot be assumed that all users would sketch 
their intended design, if their verbal description was unclear. The user also experienced boredom 
at several points during the process, for example, when the designer was setting-up work planes 
in the CAD model, and when the software refused to construct certain features. Parts of the 
process however, did work effectively. For example when the designer dynamically modified the 
depth of the name plate on the handle (Appendix 4-1), it produced the desired result, and the 
user was able to specify when the depth was correct. 
Dynamically modifying features 
The CAD software Pro/DESKTOP® has dynamic drag handles, which facilitate rapid 3D model 
experimentation, while delivering real-time feedback (Pro/DESKTOP 2004). The parameters of 
features can be re-sized by 'grabbing' a handle and dragging, thus allowing the user to instantly 
see the results. For example, in dragging limits (for extrusion type features), altering diameters 
of holes, and changing angles of rotation for revolves. All of these have dynamic previews, so the 
user can view the model before the change is implemented (Dean 2002). Again, using the 
example of the garden fork handle, the author tested these dynamic modification tools, to assess 
their suitability as co-design tools. This exercise and accompanying screen shots are documented 
in Appendix 4-2. The author found this tool to be effective in quickly altering the size and 
162 
placement of features, and being able to preview changes before they were implemented was 
particularly useful. However, there were limitations. Features and sizes could only be changed 
within limits, meaning that desired shapes and sizes could not always be achieved. 
With both methods of modifying CAD models, the software used to render the modified models 
did not provide convincing results. To render a modified object realistically, a separate rendering 
program can be required (such as those described in Appendix 1-3). This has time issues 
however, as it is not feasible for users to sit with a designer while they go through the process of 
modelling and renderings between different programs. Therefore, a co-designing system would 
need to have an integrated real-time rendering application. 
These exercises indicated that there was scope for CAD software to be used for co-designing. 
However, the changes to be made to the CAD model must be tightly defined by limits, in order to 
allow the model to be modelled appropriately before the session begins. This may take away the 
users' freedom to be totally creative, and therefore would be inappropriate in the early concept 
design stages. It would be better suited in the embodiment stages of design, when features are 
already defined, but would benefit from `tweaking' and optimisation. 
Modify profiles on surface using NURBS 
Modelling with curves and NURBS is more difficult and involves greater skill than with working 
with polygon tools such as extruding and revolving, as described above. Based upon the 
difficulties experienced in modifying a CAD model according to user preference using basic tools, 
it is concluded that changing complicated NURBS geometry in the presence of the user would be 
equally as unfeasible. Table 8-1 presents the audit of 3D digital models in solid and NURBS 
based parametric CAD modelling systems. Using an arbitrary classification of yes (possible), 
maybe (could be possible) and no (not possible), the technology is judged against each criteria 
and a brief explanation for the classification is given. 
8.4.2.3D CAD viewers 
CAD viewers could be used in a scenario whereby several users are able to view a product in CAD 
viewing software and annotate the computer files with their desired changes. This offers the 
potential for remote co-designing, whereby customers could receive and send files by email. The 
advantages of this are that potentially any number of customers, anywhere in the world could 
review the design. Also, if the models have been rendered, customers can evaluate the colour or 
visual appearance of a product, by receiving several different files showing various design 
options. A drawback Is that customers would need some knowledge and training about viewing 
CAD models as 2D and 3D representations. The other major drawback is that as Identified in 
Chapter 6, users also need a physical model to fully realise the design Intent, particularly in terms 
of a product's weight and size. Table 8-2 summarises the audit of 3D CAD viewers, using the 
same arbitrary classification as described in Section 8.4.1. 
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Table 8-1: Co-designing evaluation: 3D Digital models in solid and NURBS based parametric CAD modelling 
systems 
Evaluation criteria Possible? Explanation 
The capability of making changes which are Maybe Only dynamic modifications are viewable 
viewable in real time. in real time. Changing sketch profiles is 
time consuming. 
The flexibility to make not only dimensional, No Structural changes are time-consuming, 
but structural real-time changes. and cannot be done in real time. 
Offers flexible high quality visual Yes Images can be rendered in CAD system, 
presentation. or exported into other dedicated rendering 
software. 
Allows the user to view product In 3D and Yes Product can be rotated manually or as an 
manipulate the view, animation. 
Allows viewing of the product In context. Maybe Only if the Image of the product is 
rendered in an appropriate context 
Allow the designer and the user to engage Yes The designer and user need to be working 
in verbal dialogue. together in person, thus promoting 
dialogue. 
Data directly transferable further into Yes RP files can be created directly In the 
design process e. g. for rapid prototyping. software 
Table 8-2: Co-designing evaluation: 3D CAD viewers 
Evaluation criteria Possible? Explanation 
The capability of making changes which are 
viewable in real time. 
The flexibility to make not only dimensional, 
but structural real-time changes. 
Offers flexible high quality visual 
presentation. 
Allows the user to view product In 3D and 
manipulate the view. 
Allows viewing of the product in context. 
Allow the designer and the user to engage 
in verbal dialogue. 
Data directly transferable further into 
design process e. g. for rapid prototyping. 
No Any annotated changes would have to be 
interpreted and implemented by the 
designer afterwards. 
No Changes could only be written in words, 
not visually defined. 
Maybe Depending upon the quality of the original 
model rendering. 
Yes Users can zoom in and out, rotate, view 
individual parts in solid and wireframe 
views. 
No Model is viewed 'floating' in space. 
Maybe Only if the user views the model in the 
presence of the designer, or uses 
communication technology. 
No The designer would need to implement 
the changes on the original CAD model 
first. 
8.4.3. Modifying physical models 
There are two main ways in which a user could modify a physical computer-based (RP) model: 
either through the addition or removal of material: 
" User adds material onto an RP model -Users can be provided with a `skeleton' model, 
and add modelling material to it to create their desired design. For example, a handle 
could be modelled onto a set of garden fork prongs. This would constrain users to fitting in 
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with existing parts, and would therefore be suited to the embodiment stages of the design 
process. 
User removes part of the RP model - The brittleness of the material used for RP could 
make it difficult to modify a RP model in its raw state. Alternatively, a casting of the RP 
model could be used to produce a mould from which multiple models can then be 
produced from a more workable material, such as resin. Users may also need to be more 
skilled in modelling techniques, such as carving. Table 8-3 summarises the audit of 
modifying physical models. 
Table 8-3: Co-designing evaluation: Modifying physical models 
Evaluation criteria Possible? Explanation 
The capability of making changes which are Yes As users make physical changes to a 
viewable in real time. model, its appearance changes in real- 
time. 
The flexibility to make not only dimensional, 
but structural real-time changes. 
Yes Using modelling materials, users can make 
a part any shape they desire, and the 
results appear in real-time. 
Offers flexible high quality visual 
presentation. 
Allows the user to view product in 3D and 
manipulate the view. 
Allows viewing of the product in context 
Allow the designer and the user to engage 
in verbal dialogue. 
No Models made from basic prototyping and 
modelling materials are of low quality 
finish. 
Yes As the user makes the model, they can 
view and manipulate it as desired. 
Yes User can test and model the product in 
appropriate environmental and human 
context 
Yes Providing that the designer is present 
when the user is making the model. 
Data directly transferable further into Maybe If the model is 3D scanned, the resultant 
design process e. g. for rapid prototyping. model data can be reworked in CAD 
software and reproduced through RP. 
8.4.4.2D and 3D computer-based static images 
As an alternative option to reviewing on-screen computer models through a CAD viewer, users 
could view static renderings of a product as image files such as ]PEGS, in an application such as 
Microsoft® Powerpoint®. In this, annotations could be added. The problem is that users must 
be familiar with the software. As a paper-based alternative option, printouts of the same images 
could be given to users, which they annotate by hand. Table 8-4 summarises the audit of 2D and 
3D static images. 
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Table 8-4: Co-designing evaluation: 2D and 3D computer-based static images 
Evaluation criteria Possible? Explanation 
The capability of making changes which are 
viewable in real time. 
The flexibility to make not only dimensional, 
but structural real-time changes. 
Offers flexible high quality visual 
presentation. 
Allows the user to view product in 3D and 
manipulate the view. 
Allows viewing of the product in context. 
Allow the designer and the user to engage 
in verbal dialogue. 
No Annotated or suggested changes would 
have to be implemented on the original 
CAD model, and re-rendered or re-drawn 
and presented back to the user. 
Maybe Structural changes could be suggested, 
but they would not be viewable in real 
time. 
Maybe 2D images (engineering drawings) are 
usually only black and white. 3D static 
images are only as good as the printer on 
which they printed. 
No User can only view the product in the 
orientations presented to them. 
Maybe If the product has been rendered in a use 
environment or human context. 
Yes Providing the designer is in the user's 
presence when the changes are being 
suggested. 
Data directly transferable further into No The designer would need to implement 
design process e. g. for rapid prototyping. the changes on the original CAD model 
first, and then produce an RP model. 
Table 8-5: Co-designing evaluation: Web-based 2D and 3D product representations 
Evaluation criteria Possible? Explanation 
The capability of making changes which are Yes Products are instantly viewable In their 
viewable in real time. selected configuration. 
The flexibility to make not only dimensional, No Users are limited by the configurations 
but structural real-time changes. already in the system. 
Offers flexible high quality visual Maybe Some web-based interactive images are 
presentation. too low quality to give a real feel for the 
product 
Allows user to view the product In 3D and Maybe Depends upon what views of the product 
manipulate the view. are already in the system, and whether 
the user can select views. 
Allows viewing of the product In context. Maybe Depends on whether the product is 
displayed as floating in space, or in an 
appropriate environmental or human 
context 
Allow the designer and the user to engage No 
. 
Web-based configuration implies that 
In verbal dialogue, users are remote from the design team. 
Data directly transferable further into No The original CAD models would need to be 
design process e. g. for rapid prototyping. changed accordingly and processed for 
RP. 
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8.4.5. Web-based 2D and 3D product representations 
This strategy involves the user viewing and manipulating a 3D digital image in an online 
environment, but does not allow users to physically change designs. Feedback on a design would 
need to be given in another way, e. g. through verbal description or through electronically, over 
the Internet. This strategy can connect designers and users, by reducing geographical 
constraints. An important issue however, is whether users would want to participate in co- 
designing remotely? Investigation would be needed to determine if this type of communication 
environment is suitable for users. Table 8-5 summarises the audit of web-based 2D and 3D 
product representations for real-time interactive co-designing. 
8.4.6. Products displayed in human modelling software 
Human modelling software cannot function as a co-design tool by itself, as the products are not 
modelled in detail within the software. However, its advantage is in demonstrating how users 
interact with and manipulate the product. In ergonomics software (e. g. SAMMIE, as discussed in 
Section 3.5.1), the products are visualised as'blocky' representations. Human animation software 
can provide higher quality visual presentation, but the users themselves would not be able to 
interact with the complex software. Table 8-6 summarises the audit of products displayed in 
human modelling software. 
Table 8-6: Co-designing evaluation: Products displayed in human modelling software 
Evaluation criteria Possible? Explanation 
The capability of making changes which are No No changes can be made to the product, 
viewable in real time. only to the way in which its handling and 
interaction properties are displayed. 
The flexibility to make not only dimensional, 
but structural real-time changes. 
Offers flexible high quality visual 
presentation. 
Allows the user to view product in 3D and 
manipulate the view. 
Allows viewing of the product in context 
Allow the designer and the user to engage 
in verbal dialogue. 
No No changes can be made to the product 
itself. 
Maybe Ergonomics software (e. g. SAMMIE) tends 
to be blocky, whereas human animation 
software (e. g. Poser) is very realistic. 
Yes The product can be manipulated and 
viewed In different orientations. 
Yes The software displays the product in use 
and in the human context 
Yes Providing that the user is shown the 
model in the designer's presence. 
Data directly transferable further into No The software can make no changes to the 
design process e. g. for rapid prototyping. product, only to the environment it which 
it is displayed. 
8.4.7. Virtual sculpting with the Freeform® system 
Sener (2004) conducted a case-study investigating the use of the Freeform® virtual sculpting 
system as a cD-design tool, described in detail in Section 3.5.1. The real-time modelling 
functionality of the system was found to be well suited to responding to customers' suggestions 
167 
for concept modifications but weakness were found which limited its effectiveness as a co-design 
tool in NPD, including: 
0 Precision - in sketching and modelling functions, due to its geometrically unconstrained 
modelling and haptic Interaction. 
" Data exchange- STL files can be exported for further modification Into engineering CAD 
packages such as Solidworks (Solidworks 2004), but the scope for Sri modification in 
conventional CAD packages is limited. 
Table 8-7 summarises the audit of products displayed in the virtual sculpting Freeform® system. 
Table 8-7: Co-designing evaluation: Produce modelled in the virtual sculpting Freefamp system 
Evaluation criteria Possible? Explanation 
The capability of making changes which are Yes Physical changes made to a model appear 
viewable in real time. in real-time. 
The flexibility to make not only dimensional, Yes Any type of shape or form can be 
but structural real-time changes. modelled. 
Offers flexible high quality visual Maybe The visualisation capability of Freeform® 
presentation. is adequate, but better enhanced through 
the use of another applications e. g. 
3Dstudio Max (Sener 2004). 
Allows the user to view product In 3D and Yes Model can be digitally manipulated, and 
manipulate the view. haptic arm allows tactile feedback. 
Allows viewing of the product in context. No Model is viewed `Floating' in space. 
Allow the designer and the user to engage Yes The designer would need to work with the 
In verbal dialogue. user due to the complexity of the system. 
Data direcby transferable further into Maybe Model files need to be exported Into 
design process e. g. for rapid prototyping. another application for preparation for 
rapid prototyping. 
8.4.8. Hand-drawn sketches 
The advantage of hand-drawn sketches (as discussed in Section 2.3.2) is that they can be used 
by designers and users, with no specialist knowledge or equipment required. Table 8-8 
summarises the benchmarking audit of 3D hand-drawn sketches. 
8.4.9. Hand-made models and prototypes 
Section 2.3.2 described a study by Dolan et al (1995), in which users built day models of their 
ideal handset designs from day. It is dearly feasible that users can model parts of a product 
from day, to their desired preference. This process would however be limited to those types of 
products where day is a suitable modelling material, for example, the parts of products, which 
are held, gripped or manipulated by the user. Clay or other soft modelling mediums would be 
particularly suited to this as they are easily moulded in the hand. Other modelling materials such 
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as paper, card and foam may also be appropriate if they closely represent the material of the 
product. Table 8-9 summarises the benchmarking audit of hand-made models and prototypes. 
Table 8-8: Co-designing evaluation: Hand-drawn sketches 
Evaluation criteria Possible? Explanation 
The capability of making changes which are 
viewable in real time. 
The flexibility to make not only dimensional, 
but structural real-time changes. 
Offers flexible high quality visual 
presentation. 
Allows the user to view product in 3D and 
manipulate the view. 
Allows viewing of the product in context. 
Yes Sketching occurs in real-time. 
Yes There is no limit to what can be sketched. 
No Sketches are a quick way of visualising an 
idea, but do not offer high quality 
presentation in the same way as 3D digital 
images can. 
No Sketches are essentially 2-dimensional, 
even if showing a 3D view. 
Maybe If the context is sketched also 
Allow the designer and the user to engage 
in verbal dialogue. 
Data directly transferable further into 
design process e. g. for rapid phototyping. 
Yes Designer and user can interact while 
sketching takes place. 
No No computer data is generated. 
Table 8-9: Co-designing evaluation: Hand-made models and prototypes 
Evaluation criteria Possible? Explanation 
The capability of making changes which are 
viewable in real time. 
The flexibility to make not only dimensional, 
but structural real-time changes. 
Offers high quality visual presentation. 
Allows user to viewthe product in 3D and 
manipulate the view. 
Allows viewing of the product In context. 
Yes Model mating occurs in real-time. 
Yes User or designer has complete freedom to 
model whatever changes they wish. 
No Quick hand-made models are often not 
finished or made in representative 
materials. 
Yes A 3D model can be manipulated. 
Maybe If the user models the product or puts the 
model into the appropriate context 
Allow the designer and the user to engage Yes Designer and user can talk while 
in verbal dialogue. modelling takes place. 
Data directly transferable further into Maybe If 3D-scanned, 3D CAD data can be 
design process e. g. for rapid prototyping. generated, and RP models produced. 
8.4.10. Summary of co-designing audit 
The audit showed that there is not yet one technology that is capable of facilitating 3D interactive 
co-designing. There Is however, a combination of two technologies, which together, do meet all 
of the criteria: 3D CAD models and 3D RP models. Furthermore, most designers already use CAD 
and rapid prototyping, so already have the equipment needed, or access to it. Virtual sculpting 
also showed potential for facilitating co-designing, but due to the high cost of the system, and the 
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fact that only a few companies are using it, this puts it beyond the reach of most designers, and 
is not a viable option for further exploration. 
Hand-made models also showed more potential for facilitating co-designing than many of the 
other technologies, but fell down on their ability to produce a high quality visualisation. However, 
as the flexibility to have high and low fidelity presentations in co-designing Is desirable (i. e. a low 
fidelity model can encourage users to give ideas for Improvement as discussed in Section 3.3), 
this method of product representation potentially can play an important role in co-designing - 
particularly If cost Is taken into account. Both sketching and hand-made models are cheap and 
quick to produce. 
The technologies deemed unsuitable for facilitating interactive 3D co-designing, predominantly 
did not have the ability to facilitate structural changes, or be useful later In the design process, 
e. g. for rapid prototyping. Most of the technologies were judged to have the ability to facilitate 
verbal dialogue between the designer and the user. Those that did not (e. g. CAD viewers and 
web-based representations) had other advantages however, In reducing geographical constraints. 
As this research Is concerned with co-designing which takes place with the designer and user in 
each other's presence, these methods are unsuitable. 
S. S. Discussion 
No single technology met all the criteria identified as being important to 3D interactive co- 
designing. However a combination of 3D CAD models and 3D RP models did meet all of the 
criteria. Virtual sculpting also showed potential, but due to Its high cost (£13,500 In 2004), only 
the most affluent organisations can afford the technology, so it was not a viable option for further 
investigation. However, the non-technical methods of hand-made models, and to a lesser extent, 
sketches were considered suitable, as their `imperfect' nature was thought to be suitable for co- 
designing, and would encourage users to suggest changes and ideas (Sade 1999; beef et al 
2005; Hall 2001; Demirbilek and Demirkan 2004). Furthermore, these methods are low cost and 
can be produced quickly. This quick audit has indicated opportunities In: 
exploring co-designing methods which exploit available and cheap materials and 
Processes; 
using a combination of digital CAD models, and physical RP models. 
This section discusses some of the wider Implications of co-designing using digital product 
representations, by considering how users communicate their Ideas to designers, If the users 
themselves are not operating the technology. Reflection upon existing literature proved difficult, 
as computer-based co-designing (between users and designers) Is not yet widely written about. 
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8.5.1. Levels of co-designing 
From this review of product representation technologies for facilitating co-designing, it is 
proposed that three'levels of co-designing' have emerged: "Design"; "Configure" and "View" 
(Table 8-10). These levels relate to the level of freedom the user has on changing a design. 
Table 8-10: Levels of co-designing 
Level 1 "DESIGN" Conceptual design 
The user, or the designer in the presence of the user Full design freedom 
makes real-time changes to the design through modifying No constraints 
a digital or physical computer-based product 
representation - the resultant changes are viewed 
immediately, and the process re-iterated. 
Level 2 "CONFIGURE' Embodiment design 
The user'designs'their product by selecting pre-designed Design freedom restricted 
digital and physical cDmputer-based product features and Some constraints imposed 
configuring them Into their ideal product. The resultant 
changes are viewable In real-time. The process is re- 
iterated. 
Level 3 "VIEW' Any stage in the design process 
The user evaluates a product design through viewing 
digital or physical computer-based product 
representation. No 'designing' takes place, although 
suggestions for improvements can be offered. 
Although for real-time interactive 3D co-designing, Level 1 is the most desirable, the other levels 
of co-designing also play a valuable role depending on the stage in the design process. In early 
concept design stages for example, the flexibility to make unrestricted changes to a product 
design is required. Interactive real-time co-designing can facilitate this. Further into the design 
process, when constraints have been placed upon a design, `configuration' may be more 
appropriate, e. g. a product has been specified to have two buttons, so the user configures their 
positioning or aesthetic qualities. The ability to 'view' a design, without necessarily making 
changes is useful at any point in the design process, e. g. for showing existing concepts to users 
to elicit verbal feedback, or towards the end of the design process to gain final customer 
evaluation. Each of the technologies audited in this chapter fits into one of these levels of co- 
designing (Table 8-11). 
The four methods of representation considered to have the most potential for co-designing, 
according to the audit (3D CAD and RP; hand-made sketches and models) all fit into the "Design" 
and "Configure" Levels. CAD also offers a high quality "View" functionality. 
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Table 8-11: Levels of co-designing for computer-based product representations 
Level "DESIGN" 
1 Virtual sculpting using Freeform® 
Hand-drawn sketches 
" Hand-made quick models 
Level "CONFIGURE" 
2 3D digital models in solid and NURBS based parametric modelling systems* 
" 3D Rapid prototyped models produced from 3D CAD data* 
" Web-based 2D and 3D product representations 
Level "VIEW" 
3 CAD viewers 
" 2D and 3D computer-based static images 
" Human modelling systems 
8.5.2. Communicating design intent 
One criterion for an interactive co-designing system is that designers and users should have the 
ability to communicate with each other. Many of the technologies discussed, do not allow the 
user to make the changes to representations themselves (e. g. with 3D digital models in solid and 
NURBS based parametric modelling systems) due to the level of expertise needed, so it is 
necessary to instruct the designer to make changes. Co-designing is typically an iterative process 
where users 'suggest' changes, the designer modifies a model, users then express whether the 
changes accurately reflect their ideas, and so on (Figure 8-2). This ensures that designers can 
find out why design changes have been suggested, thus learning firsthand about user needs, and 
creating an iterative suggestion - solution process. However, how do users 'suggest' their design 
needs to the designer? 
Figure 8-2: Verbalising the user's design intent 
Firstly, the user must have a mental image of their idea. Norman (1988) calls this a "user 
mode/'. Visualisation during design refers to the visual mental images used by the designer (or in 
co-designing - the user) during the design process, and allows the generation, interpretation and 
manipulation of information through spatial representation, i. e. mental pictures (Dahl et al 2001). 
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Most obviously, users can explain verbally their mental picture of what changes they desire, 
however there may be problems with users communicating their Ideas verbally. Firstly, the 
designer and user must speak the same language. Secondly, the user must be capable of 
visualising and verbalising their mental model. It is known that some people have difficulty In 
visualising something that does not yet exist. For example, Bruseberg and McDonagh-Philp 
(2001) identified that users may not be aware of their needs or be able to articulate them. This 
could be problematic If developing a future product, as the user may have nothing to base their 
ideas on, or compare the future product to. Dahl (2001) distinguishes between visualisation 
based on memory and visualisation based on imagination, and reveals that visualisations which 
rely on memory alone leads to sub-optimal outcomes. 
The exercise reported in Section 8.4.1 Is a further example of the limitations of verbal 
communication to express design ideas. The user found that the designer did not understand her 
verbal description of an Idea for a handle shape, and as she could not draw it in the CAD system, 
resorted to sketching the shape in explanation. Designers must be capable of interpreting the 
user's verbal description through use of good listening skills. This involves factors such as 
language, background and vocabulary and interpretation, as well as patience, and the intuition to 
ask more questions, and probe deeper if the ideas are not fully understood. This could be a 
problem, as Hsu et al (2000) showed that differences existed between designers' and users' 
perceptions of the same real objects, and interpretations of the same image words. In evaluating 
samples of telephones, it was shown that users were unclear regarding the precise sense of 
image-words such as "avant-garde" and "emotional". 
To fully communicate design intent, it is proposed that a combination of verbal communication, 
sketching and modelling is the best option. Using Tovey and Dekker's (1996) classification of 
concept sketches (as discussed in Section 3.4.1), sketching options for co-designing could 
include: 
" 'Free theme sketch' - the user sketches their design idea `from scratch' on a blank 
sheet of paper and without geometric accuracy. A perceived problem is that users may be 
daunted by being faced with a 'blank canvas'. This may be more suitable early for concept 
development, where total design freedom is encouraged. 
" 'Package-constrained sketch or underlay- an underlay of the basic product 
showing ergonomic and operational dimensions and constraints is faintly printed on paper. 
The user can draw over these. This may eradicate issues of trying to get the perspective 
and orientation right and gives users something to'hang' their own design from. This may 
be more suitable during the embodiment stages of the design process, when some design 
constraints are in place. 
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There are also problems with users sketching. Firstly, the user must be capable of representing 
their mental model on paper. It is presumed that non-designers may have difficulty in drawing 
an image of their mental model, although some users with high design acumen may not have a 
problem with this. Additionally, the designer must be able to interpret the users' sketches. As 
well as communicating design intent through sketching, users could also make a model of their 
intended design from cheap materials such as clay, foam, paper or cardboard, which can be 
interpreted by the designer. In the same vein as sketching, users could make a 'free theme 
model' (modelling from scratch) or a 'package-constrained model' by adding material to an 
existing part. 
It can be seen that even if co-designing using digital technologies, users still need to 
communicate their design ideas through traditional means, as verbal descriptions are not always 
sufficient, and they cannot use the technology themselves, due to the level of expertise needed. 
It is suggested therefore, that any co-designing process would make use of three methods of 
communicating - verbally, through sketches and through models (Figure 8-3). Further 
investigations into these methods of communicating in co-designing are required. 
, roe 
Verbal interaction 
interpretation 
0 
interpretation signer User 
interpretation 
'cheap and quick' sketching 
'Cheap and quick' 3D modelling 
(e. g. day, card, foam) 
Figure 8-3: Three methods of communication in co-designing 
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8.6. Recommendations for future 3D interactive co-designing tools 
This audit has shown that no single technology yet meets all the requirements deemed necessary 
for co-designing. There Is a simple reason for this: these technologies have not been developed 
with co-designing in mind. Each technology fulfils a very useful function in its own right and has 
its own role to play in the design process, but this function was never intended to be a co- 
designing tool. It is therefore hardly surprising that none of the technologies are really suitable in 
their current state. It has been shown however, that there are particular features of a 
technology's functionality that do offer useful co-designing potential. It appears that what Is 
required is a kind of `mix and match' of functionality, to create future co-designing tools. 
Figure 8-4 presents a proposed technology and communication model for interactive 3D co- 
designing. To summarise, recommendations for the key features needed for interactive 3D co- 
designing technology are: 
" 'Design' and'Viiew' -A co-designing tool needs two main elements -a visualisation 
system and a co-designing system, which allow the designer to select from three levels of 
co-designing (section 8.5.1)-'design'; ' configure; or'view'. 
" Designer's Interface - The co-designing system allows the designer to make real-time 
changes to a digital representation. The designer views and makes the changes in a 
familiar 'CAD' environment. 
" User's- Interface - The visualisation system allows the user to view the changes in a 
`friendly non-CAD environment (I. e. without cutter such as gridlines, co-ordinates or 
Icons), using high quality 3D visual presentation, (rendered within the same software). 
For stages of the design process which do not require the user to suggest and make 
changes the product, the visualisation system offers the advantage of simply displaying 
the product e. g. for evaluation purposes. 
" Verbal Interaction -A co-designing tool needs to facilitate verbal communication 
between the designer and the user; either by them sitting in dose proximity to each other, 
or by using and communications technology (such as video conferendng, and a 
whiteboard, as described in Scrivener et al 2000b). 
" Drawing and modelling - The system should include a facility for users to draw or 
model their design, to assist verbal communication of their ideas, and to explore ideas. 
" Tactile manipulation and feedback - The visualisation system allows the user to 
manipulate the representation, e. g. zoom In and out and rotate. A haptic device such as 
the PHANTOM could provide tactile feedback (SensAble Technologies 2003). 
" View in context - The visualisation system allows the user to view the product being 
used In context, In a similar way that human modelling software allows computer models 
of products to be manipulated by `virtual' users (e. g. SAMMIE CAD 2004). 
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" Quick data exchange - The co-designing system facilitates the quick production of CAD 
data for use in producing RP models, and also for use further into the product 
development process. 
" Select co-designing level - The system allows the level of co-designing to be set. For 
example, the designer can choose to let the user have total freedom with the design 
where'anything goes', which would be useful in the very early stages of product 
development. Alternatively, the designer may wish to impose constraints on the design, 
so that the user can only change or suggest design features within limits. This would be 
useful further into the embodiment stages of product development. 
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Figure 8-4: A technology and communication model for a interactive 3D co-designing in the early stages of 
the design process 
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8.7. Conclusions and rationale for further investigations into co- 
designing 
The research in this chapter concludes that no single computer-based representation technology 
can yet successfully facilitate computer-based co-designing. A future co-designing technology- 
based tool would include different elements of the technologies audited here, and also provide 
the facility to communicate ideas through tiadibovia/methods of verbal communication, sketching 
and basic model making. 
Drawing upon the emergent knowledge from Chapters 6,7 and 8, it can be seen that traditional 
methods of product representations will play a significant role in future digital co-designing. This, 
coupled with the fact that digital technologies are expensive, two approaches have been 
identified as suitable for further investigations into co-designing: 
1. Investigate the combination of 3D CAD and 3D RP, using traditional product 
representations to communicate ideas -The technologies of 3D digital visualisation, 
3D scanning and rapid prototyping can be part of a co-designing process, with users 
employing traditional product representation methods used to communicate their ideas. 
Further investigation in the form of exploratory studies is required to determine how co- 
designing can be facilitated through the transformation of lo-tech design representations 
into hi-tech representations, thus adding to the guidelines for co-designing. This study is 
presented in Chapter 9. 
2. Investigate non-technology methods of communication in co-designing in a 
commercial context- It has been Identified that even through the use of digital 
technologies, users will still need to communicate their Ideas through verbal 
communication, sketches and modelling. Therefore these traditional representation and 
communication methods need to be investigated further. As these methods are cheap 
and quick, and NPD organisations have Issues with the costs associated with user 
involvement, this is an Ideal opportunity to involve a collaborating organisation. This will 
permit co-designing to be explored in a commercial context, with emphasis on 
establishing the points of view of all the stakeholders involved, thus adding to existing 
knowledge on co-designing already available in the literature. This study Is presented In 
Chapter 10. 
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CHAPTER NINE 
Exploring co-designing using 
traditional and computer-based 
PR methods 
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9. Exploring co-designing using traditional and computer- 
based PR methods 
9.1. Introduction 
The need to explore co-designing methods using the combination of `hi-tech' representations (3D 
digital visualisation, 3D scanning and rapid prototyping) and also traditional 'b-tech' 
representations (verbal, hand-made sketches and modelling) has been identified (section 8.7). 
Having established that theoretically, the combination of these technologies is suitable for 
facilitating co-designing, they now need to be explored through practical investigations. One 
scenario in which to explore co-designing using a combination of low and hi-tech technologies Is 
to consider how users can design using lo-tech methods and have designers transform their ideas 
into hi-tech outcomes, which can be presented back to users. Exploratory studies presented in 
this chapter therefore aim to determine how co-designing can be facilitated through the 
transformation of lo-tech design representations into hi-tech representations, thus contributing 
further knowledge to the guidelines for co-designing. 
9.1.1. Aims 
The specific aims to be addressed by the exploratory studies were: 
" To determine how co-designing can work, by users designing with lo-tech methods and 
designers transforming and presenting these ideas back to them as hi-tech outcomes. 
" To establish how users' lo-tech representations of design ideas can be transferred further 
into the design process as hi-tech outcomes. 
" To explore how participants perceive their own designs when presented with them as 
digital and RP representations. 
Also of interest was to discover how the designer (or researcher) interacts with the user during 
the designing process; whether co-designing results in a 'better' product; and if co-designing can 
facilitate inclusive design. 
9.2. Study Design 
Six exploratory studies (cases) were conducted to explore how co-designing can be facilitated 
through the use of low and hi-tech product representations. Guidance for generating theory from 
case study evidence as suggested by Eisenhardt (2002) and Robson (2002, as discussed in 
Section 5.7) was followed. 
In each study (or case), the task was to design an improved garden fork handle, according to the 
user's specific requirements. A garden fork was chosen because it was a familiar product and 
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embodied several ergonomic, aesthetic and emotional requirements. Each study differed slightly, 
due to the learning effect experienced by the researcher, who built upon knowledge gained, then 
altered the content accordingly. Questionnaires and discussions were used to immerse 
participants and establish their previous experiences and general requirements of a garden fork 
handle. This allowed them to co-design an improved garden fork handle, communicating ideas 
through sketching and day modelling. The design material was then interpreted by the designer 
and reproduced as hi-tech outcomes using various digital methods, according to the nature and 
complexity of the design ideas. CAD rendering was used to capture and verify aesthetic 
requirements and RP models were used to verify functional requirements. Participants were then 
invited back for a further session to evaluate their designs; presented as hi-tech representations. 
9.2.1. Sampling strategy 
Initially it was decided to conduct co-designing exercises with six individual participants. It was 
necessary to Impose limitations on the sample size, due to the envisaged time and costs that 
would be involved in preparing CAD images and rapid prototyping models. The sample size was 
tentative, as it was not known at which point saturation would be reached; saturation being the 
point at which incremental learning is minimal because the researchers are observing phenomena 
seen before (Glaser and Strauss 1967, Section 5.5.2). According to Eisenhardt (2002), between 
four and ten cases is an appropriate number. There were no restrictions on age or gender, as 
the sample was not intended to be representative of the population, but rather reflect users who 
had an interest in improving gardening products. Participants were recruited through an 
advertisement (Appendix 5-1) placed on the Loughborough University electronic notice board, 
according to the following criteria: 
1. An interest in gardening (because the chosen product was a small gardening fork). 
2. A possible dexterity problem which made using such tools difficult. It was thought that 
people who already experienced problems with the design of similar existing products 
would be more keen to suggest design improvements. 
Ethical clearance was gained for the studies from the Loughborough University Ethical Advisory 
Committee, due to the possibility that those over 65 would participate (LUEAC 2004). 
9.2.2. Data Collection 
Product properties 
To frame discussions and questionnaires concerning garden fork handles, a set of product 
properties (Appendix 5-2) were devised by the author, based around the following: 
" Functional properties of the fork handle (digging, carrying, storing, cleaning, visibility). 
" Holding the fork handle (shape, size, weight, balance). 
" The feel of the handle material (hardness, grip, texture, roughness, temperature, sound, 
smell). 
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" The visual appearance of the handle (colour, surface, shape, personality). 
" The appeal of the handle (quality, desirability, pleasure, value, safety). 
Participant screening and information sheet 
During initial telephone contact with potential participants, a screening questionnaire and 
information sheet was completed to ensure that the participants were genuinely interested In 
gardening, and would be happy to communicate ideas verbally, through sketching and through 
clay modelling (Appendix 5-3). 
Requirements of a garden fork handle 
To prepare participants for designing an improved handle it was important to immerse them in 
the task by encouraging consideration about what aspects of a fork handle were most important 
to them. A 'Fork handle requirements questionnaire' was developed (Appendix 5-4). 
Participants were asked to rate garden forks on several properties on a scale of one to five, 
(where 1=not at all important to me and 5=very important to me). An advantage of asking 
participants to indicate the relative importance of each feature was to check if their own handle 
designs addressed issues they identified as important. The researcher also used the responses 
during the co-designing sessions to prompt participants to think about particular features. To 
follow up the questionnaire responses, discussion was facilitated by showing examples of five 
traditional and modem garden forks. Responses to the questionnaire were used to draw out the 
properties the participants considered to be most important. The discussion was video-recorded 
as a memory aid for the researcher. 
Evaluation of original garden fork handle 
As the challenge was redesign a 'better' fork handle according to personal preference, 
participants were shown an existing garden fork (as in Table 6-1) and encouraged to offer their 
opinions on It. This was also video recorded as a memory aid for the author. An 'Evaluation of 
original handle questionnaire' (Appendix 5-5) was then completed, where they were asked to 
rate the properties of the handle on a scale of 1- 5 (where 1=poor and 5=good). 
Co-Designing session 
Participants were supplied with A3 paper on which to draw their designs. Sketches were 
constrained by faintly printing orthographic views of the top and side of the fork on the sheets, to 
give an idea of the scale of the handle in relation to the prongs and shaft (as discussed in Section 
3.4.1). The drawing session was video-recorded to capture participants' verbal descriptions as 
they worked. Following the drawing session, participants chose either lightweight or standard air- 
drying modelling clay to model their design. The modelling session was video-recorded to 
capture participants' verbal descriptions and behaviour as they worked. 
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Evaluation of the co-designing session 
Both the participant and the researcher evaluated the co-designing sessions. The researcher took 
notes as issues arose during and after the session and noted suggestions for improvements. The 
participants evaluated the session through a tape-recorded de-brief discussion (Appendix 5-6) to 
explore thoughts about the session and to suggest improvements. 
Designers interpretation of the design 
Prior to the studies, it was not known what participants would produce in the designing and 
modelling sessions; therefore the decisions on how to interpret the designs were made on the 
basis of the product forms produced in each session. 
User evaluation of rapid prototyped model and digital visuals 
Participants were invited back for a further evaluation session, and their opinions on the CAD and 
RP representations of their designs were captured through short discussions and questionnaires. 
A'Mode/%d handle evaluation questionnaire'was completed for both representations (Appendix 
5-7). Participants were then shown their original day model and drawing to elicit verbal opinions 
on the digital and RP representations, in comparison to their original design. Finally, they were 
shown ten digital CAD renderings of their handle, in a range of different colours, textures and 
materials so they could compare their ideas with other suggestions. The renderings were viewed 
on a laptop screen and their comments on each were noted. 
9.2.3. Procedure 
The sessions were conducted in a small room, with a comfortable seating area around a low table 
for discussions and completing questionnaires, and a well-lit designing area. A table held a 
selection of drawing and modelling materials (e. g. pencils; pens; colouring pencils; felt-tipped 
pens; lightweight and normal weight air drying clay; modelling and cutting tools; water; and 
samples of textured papers for adding texture to the wet day). The room was staged with house 
plants and garden pictures. Posters showing images of handles (e. g. hand tools and kitchen 
tools) provided some design stimulation. There was a container of earth for participants to use if 
they wished to dig with any of the forks or test their own designs. A video camera was set up to 
one side of the room, to be unobtrusive (Figure 9-1). 
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Figure 9-1: Designing area and interview area 
The studies proceeded as follows: 
I. Welcome participant; explain what the co-designing session involves and why it is being 
conducted. Give participant the 'Partiapantlnformalion Sheet'to read (Appendix 5-8) and 
the 'Participant Informed Consent form' to sign (Appendix 5-9). 
2. Discuss and record handle requirements through a discussion and the 'Fong handle 
requirements questionnaire' (Appendix 5-4) using a selection of garden forks as prompts. 
3. Participant evaluates the original handle against the product property criteria (Appendix 5- 
2), using the 'Evaluation of original handle questionnaire'and discussion (Appendix 5-5). 
4. Participant designs an improved design, recording ideas in sketch, written and verbal 
format. 
5. Participant communicates requirements in modelling day. 
6. Participant evaluates the co-designing session through a de-brief discussion (Appendix 5-6). 
7. Participant is thanked for their time, and fills out payment form. The researcher explains 
that she will be in contact to arrange a second session. 
For the second session to evaluate the interpreted designs, the following procedure was followed: 
I. Welcome participant, explain what the session will include. 
2. Present participant with rendered CAD images of their handle on a laptop PC. Record their 
opinions through the 'Modelled handle evaluation questionnaire'(Appendix 5-7) and verbal 
description. 
3. Present participant with a rapid prototyped model of their handle. Record their opinions 
through the 'Modelled handle evaluation quesrionna/re'(Appendix 5-7) questionnaire and 
verbal description. 
4. Give participant their original clay model and drawings. Capture their opinions of the 
difference between their original ideas and the designer's interpretation through a 
discussion. 
5. Show ten digital renderings on the laptop PC to elicit opinions of alternative aesthetic 
configurations. Take notes. 
6. Thank the participant for their time. 
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9.2.4. Data Analysis 
Two types of data analysis were used, (as described in section 5.7): within-case analysis (detailed 
analysis of each case) and cross case analysis, which involved identifying patterns in the data. 
Following within-case and cross-case comparisons, and overall impressions, tentative themes and 
knowledge emerged. This were used as a basis for making improvements to subsequent studies. 
To see if co-designing produces 'better' products, participant's ratings for the original fork handle 
were compared with ratings for the product representations of their co-designed handle. The 
'Fork handle requirements quesöonnaire'provided the weightings, which were multiplied with the 
ratings given to the original fork handle (on the 'evaluation oforigina/fork handle questionnaire) 
to give a weighted score for the original fork handle. The mean of the RP and CAD scores from 
the 'Evaluation of modelled (RP/CAD) handle questionnaire'were multiplied with the ratings from 
the 'Fork handle requirements quesö/onnaire'to give an overall weighted score for participants' 
co-designed handles. If the overall weighted score of the co-designed handles was higher than 
the weighted score for the original fork handle, this indicated that the co-designed handle was 
considered a 'better' product, according to the participant who designed it. 
9.3. Results: individual co-designing sessions 
The studies were conducted according to the guidelines laid out for conducting naturalistic 
research by Erlandson et al (1993), described in Section S. S. Initially, four studies with individual 
participants were conducted (Table 9-1). Participants' names have been changed to ensure 
confidentiality. The first study with Ann (a 40 year old female) was treated as the pilot, in which 
procedures, forms, timings and the type of design output were tested. 
Table 9-1: Co-designing studies sample 
Participant Age Gender Type of Gardener 
Years 
gardening 
Problems with using hand tools 
01*: Ann 40 F Moderately 15 None 
experienced 
amateur 
02: 3enny 39 F Semi professional 36 Rheumatoid arthritis in wrists and 
/ very knuckles for 18 years. Also Synovitis 
experienced and tendonitis. Wears wrist braces 
amateur when gardening. Uses ladies tool as 
they are lightweight 
03: Rob 37 M Experienced 27 Gets back ache 
amateur 
04: Sarah 18 F Amateur - hobby 5 Has joint problems, once broke wrist. 
No specific medical diagnosis, has 
been referred to a specialist Finds tools 
to big for her hands 
*Pilot 
185 
9.3.1. Requirements of a garden fork handle 
The key requirements of a garden fork handle elicited from the questionnaire and discussion are 
summarised in Table 9-2. The questionnaire raw data appears in Appendix 5-10. The original 
garden fork handle was generally seen as a low quality product, and elicited mainly negative 
reactions (Appendix 5-11). Participants were observed to suggest improvements for it at this 
point, before the designing stages had started. This indicated the value of immersing participants 
in the product area prior to co-designing, to encourage them to think of design ideas. 
Table 9-2: Summary of main requirements of a garden fork handle 
Participant Age Gender Key requirement of a garden fork handle 
01*: Ann 40 F Preference for a short handle, where the end nestled in the palm of the 
hand, rather than sticking out of the fist 'to get the impetus on the 
! aalen" 
02: Jenny 39 F Arthritis in the hands and wrist affected the ability to use garden tools. 
As the arthritis also affects the thumb joint, thumb depressions or grips 
are not needed, as the thumb is wrapped around the handle. Special 
braces are wom to support her wrists when gardening. 
03: Rob 37 M Preference for high quality, substantial garden forks. Cost was 
considered unimportant. 
04: Sarah 18 F Unconcerned about the appearance of garden fork, providing it works 
well. Wooden handled forks were considered uncomfortable, and 
caused blisters. Forks where the handle is in line with the prongs cause 
wrist pain. 
9.3.2. Co-designing 
Differences were found in participants' sketching and modelling activities. The drawings and 
models appear in Appendix 5-12, and images of the co-designing are presented in Figure 9-2. 
The following observations were noted from the sketching and modelling activities: 
Time taken 
Ann, the first participant, sketched her design in 6 minutes: much quicker than the researcher 
had anticipated, possibly because she felt confident and comfortable with drawing and wanted to 
demonstrate that she knew what she was doing, or that she felt uncomfortable with the task and 
wanted to complete it as quickly as possible. The reason could not be determined at this stage. 
Rob however, then also sketched his design quickly (in 5 minutes) and appeared to be confident. 
This was less of a surprise to the researcher, due to the learning effect. Sarah in contrast, was 
much slower to begin drawing, and required prompting by the researcher. She spent 20 minutes 
drawing her design. Jenny chose not to do a drawing and preferred to begin with modelling due 
to the complexity of her idea. 
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Regarding modelling, Ann spent just seven minutes modelling her idea in clay, which as with the 
first session, was a much shorter time than the researcher had been expecting. The reasons for 
this could be the same as for drawing her design quickly. Jenny spent 18 minutes modelling her 
design: it was apparent that she already had a pre-conceived idea of her improved design, which 
was based upon the design of her wrist braces. Her idea was to integrate arthritis support braces 
into a fork handle. Sarah spent approximately 30 minutes modelling her design, and took the 
longest of all four participants. As before, she was easily distracted and tended not to be able to 
model while she chatted. After finishing the handle she was pleased with her attempt "it's 
amazing when you actually make something that you came up with ideas" This illustrates that 
3D modelling can be a rewarding experience for users, and can lead to previously un-thought of 
ideas. Rob spent approximately 22 minutes modelling his design in day, and although the design 
was the most simple of the four, he spent time finishing it to a smoother standard than the 
others. 
_ý Figure 9-2: Participants modelling their handles from clay 
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Verbal interaction 
While sketching and modelling, Ann in comparison to Rob and Sarah, worked mostly in silence. 
This could have been because she was involved in the task and was comfortable getting on with 
it, or because she felt uncomfortable drawing in front of a camera and did not know what to say. 
Rob provided a verbal commentary whilst sketching which was helpful to the researcher in 
explaining the reasons for designing features. Sarah was very chatty and expressed verbally her 
requirements for a fork handle. The researcher had to encourage her to draw her ideas. Sarah 
questioned whether she should design for herself as a left-handed user, or whether the handle 
should be suitable for right-handed users also, indicating that although designing for themselves, 
users are able to think of the needs of others. It was suggested that she design for herself. 
Jenny's verbal description while modelling, was helpful to the researcher, who asked further 
questions to gain clarification on the design, e. g. "so would you have Velcro going across there? " 
and "how wide would you want the Vern taps? " Asking several questions about desired 
colours, textures and materials was helpful, as Jenny had not specified her idea through a 
drawing, and Rob had omitted these details from his drawing. This shows how the triangulation 
of written and modelled design ideas Is needed for designers understand more fully participants' 
design intentions. The researcher felt more involved in Jenny's design than she did with Ann's, 
as she assisted Jenny in making and positioning Improvised Velcro straps from paper and small 
sticks. This promoted dialogue as the researcher and the participant worked together to finish the 
design. The atmosphere in Jenny's, Rob's and Sarah's sessions did not feel stifling, as it did with 
Ann's. This Implies that co-designing works better with Individual participants if the participant 
interacts with the researcher. 
Inspiration 
Sarah was observed refering to Rob's design sheet, then added written labels to her design 
indicating preferences for material, grip, comfort and colour. This showed that other participants' 
design sheets can be useful sources of inspiration for beginning co-designing. 
Perceived ability 
Ann occasionally made comments concerning her perceived ability, e. g. "Unfortunatetylm no 
artist. "and "Im not sure this Is a bve artistic impression! "' Sarah also reflected on her ability 
whilst colouring in "I've justgone out of the lines - not paying attention! "' Ann's comments were 
surprising, given the speed with which she drew her design, and could indicate that although 
users may doubt their ability to draw, they are able to confidently produce drawings. 
Contradictions 
Rob and Sarah both changed their minds about requirements of a fork from the immersion 
questionnaire when they began co-designing. It was interesting to note that while sketching, Rob 
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put a lot of emphasis on the ease of leaning the handle, whereas this was considered 
unimportant during the immersion questionnaire and discussion. Despite specifying that the 
visibility of a garden fork handle was not at all important (Appendix 5-10), Sarah and Rob both 
chose to specify this feature (Sarah on her design sheet, and Rob in his model). These findings 
show that users can contradict themselves, and their original requirements may not be the ones 
they consider important when designing. Also, although Sarah had specified that she disliked 
large handles, her drawing showed her handle to be longer than the existing fork handle. This 
could have been because she did not realise that the faint line drawing of the fork printed on the 
sketch sheet represented the size of the original fork she was improving. 
Design outcomes 
Refer to Appendix 5-12 for the final sketch sheets and models. Ann's, Rob's and Sarah's handles 
were all relatively similar to a traditional fork handle, being cylindrical in shape. All had specified 
ideas for improved holding features and grip. Jenny's handle by comparison was more unusual, 
and was entirely customised for her own use and comfort being heavily inspired by her wrist 
braces. 
9.3.3. Participants' evaluations of the co-designing sessions 
The participants' feedback is reflected upon below. Sarah offered no negative feedback or 
suggestions for improvements. 
Positive feedback 
" Jenny felt much more creative than she had thought she was going to feel, and put this 
down to being able to work with the clay, which gave her ideas which she had not thought 
of previously. 
All participants felt they had enough time to produce their designs. 
" Jenny was surprised at all the range of different product properties affecting a garden fork 
handle, 'a// the questions you came up with, I mean a lot of them were at the back of my 
head, but if you had have said 'what do you want from a garden fork? 'just off the top of 
your head, I wouldn't have been able to say, but once rd actually read them, it's 
like.... yeah! Theres/otsofthingssubconscious! ygoingon. " This shows the value of 
immersing participants in the product area before attempting co-designing, and allowing 
users to explore what they want from a product. 
" Rob liked the co-designing approach to user involvement and recognised that co-designing 
goes a step further than just filling in questionnaires: "being involved In the design process 
rather than just evaluating he product': This corresponds with the consumer perspective 
In Sener's (2004) co-designing study, that co-design Is a period of design activity rather 
than just a consumer interview. Rob attributed his enthusiasm to his Interest in the 
product: 71 would doing something like a Hi FI product then I wouldn't have been 
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interested In it': This indicated the Importance of recruiting participants who are 
genuinely Interested In the product In question. 
" Sarah's favourite part of the session, like Jenny was the clay modelling where new Ideas 
emerged as she worked. 
" Sarah reported that she found it useful to see examples of other people's work. As the 
fourth participant, she had the advantage of using the other participant's design material 
as inspiration. 
Negative feedback 
" Ann lacked confidence in her drawing abilities, and she preferred examining the garden 
fork samples to the designing activities: "well, you tend to think that what you've drawn 
isn't tea//y what you mean to put across That's harder than the modelling for me, 0. 
" Ann revealed that sometimes she felt like she was being examined (although she was not 
particularly aware of the video camera) so it is likely to have been because of the 
researcher's presence in the room. It would be interesting to see if the participant felt the 
same, had the researcher not been present for all of the drawing activity. 
" Both Ann and Jenny did not understand why the session was being done. Further probing 
into this issue revealed that Ann would have preferred to know more about why co- 
designing is needed, in order to feel that she was contributing to something useful, and 
Jenny was concerned that she could not see anybody putting the handle into production. 
This implied that it had obviously not been properly explained how individual users can 
help designers in the design process. 
" Rob and Jenny both experienced frustration with getting the day to behave in the way 
they wanted. As Rob explained: "I drink that one of the frustmt/ng things is that you've 
done a day mod% but you%'e got to have the skills to get it how you d like it' Although 
Rob had some experience with clay modelling before, he would have found a 
demonstration useful on how to use the tools to get the desired effects. This indicates 
that designers should not assume that participants will know how to model in clay, and a 
basic demonstration of modelling techniques is required. 
Suggestions for improvements 
" Ann and Rob suggested that the design environment could be more 'garden, / (compared 
to Jenny and Sarah, who thought it was fine). 
0 Rob and Jenny suggested that more samples of rubbery and fabric materials would help to 
describe textures. 
0 Rob suggested that participants could bring along their own garden forks to the session, 
because "that would prnbab/yget y ou thinking about it earlier' 
" Jenny and Rob asked for more examples of drawings and models produced by other 
participants, to set the standard. As Jenny explained: ' was useful seeing what the other 
190 
one had done, that made me feel more comfortable about what! was doing. Because 
otherwise you just think that they've done something reallygood'. This Indicates that co- 
designing participants need examples to guide them on the level of drawing ability that Is 
required. This could explain Ann's lack of confidence, because she did not know what was 
expected, whereas Jenny had an example to follow. As the fourth participant, Sarah was 
observed to refer to other participants' drawings. 
" Ann and Rob suggested co-designing In a group. Rob thought that he would prefer to do 
the creative part himself, as it is good not to be Influenced, and evaluate the fork handles 
in a group situation, as being part of a group effort would add a feeling of a common goal, 
and the Idea that more would be gained at the end. He did question however whether If 
working in a group, would the handle be solely his own? 
9.3.4. Interpreting and transforming the design material 
Jenny's, Rob's and Sarah's ideas were taken further into digital media as examples of how 
traditional lo-tech product representations can be converted into hi-tech digital representations to 
facilitate co-designing. Ann's handle was not used as she was unavailable to return for a second 
session. Being similar in shape, Rob and Sarah's handles were Interpreted and transformed in the 
same way. Jenny's design however, was more complex and required a different procedure. The 
two different methods of Interpretation are described below. 
Interpreting jenny's design 
This handle was a highly Individual customised design, as the clay had been modelled around the 
user's hand, arm and wrist. Due to its organic form, the form of the clay model was captured into 
a 3D CAD system as 3D point cloud data through 3D scanning. The design could then be 
'cleaned up' and tweaked digitally without losing any of her shape data. However, a major 
problem with the day model was that It had deformed during the drying process. The sections of 
day covering the top of the wrist had dropped, meaning that even a very small wrist could not fit 
into the handle. Following consultation with an ergonomist, it was recommended that that the 
top part of the model be removed; leaving the bottom section, with the users'shape data. The 
ergonomist suggested that elastic or Velcro straps could be fixed to the model, to hold the handle 
against the wrist securely. It was decided that the removal of the top section would be done 
digitally. Evidently, designs produced through co-designing, which are highly specific to one user 
may require the designer to consult with experts. In co-designing studies by Demirbilek and 
Demirkan (2004) and Dolan et al (1995), the designers also consulted ergonomists for their 
opinions on handles designed by users. It is suggested that if users with particular needs are co- 
designing, specialists such as ergonomists could be In the sessions to offer assistance. This would 
save time later on If the designs produced by the users prove to be unsuitable or unsafe. 
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Figure 9-3: 3D scanning Jenny's clay handle in two parts 
Figure 9-4: Screen shots taken during 3D scanning 
Figure 9-5: CAD and Adobe@ Photoshop® rendered images of Jenny's handle 
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To 3D scan all sides of the clay handle, it was split Into two pieces (Figure 9-3). 3D laser 
scanning was conducted using 3D Scanners' Modelmaker (3D Scanners 2004) and a FARO arm 
system (FARO 2004) (Figure 9-3 and 9-4). The point cloud 'data were then imported into 
Geomagic's Studio® software (Geomagic 2004) where it was merged and refined using the 
Freeform® Virtual Sculpting system (Section 3.5.1). Here, the top half of the model was 
removed, and the edges smoothed. The 3D data was then used as a basis for building a solid 
CAD model in Solidworks® (Solidworks 2004). This was all done by a CAD expert. 
In Solidworks®, the model was refined further, and edges were smoothed. Six holes were cut 
through the CAD model, for the fitting of straps. The CAD data was then used to produce a rapid 
prototyped model using an FDM 2000 machine with ABS material, to which straps could be 
attached. The CAD model was rendered in Solidworks®, and then in Adobe® Photoshop® 
(Adobe 2004), a photograph of the shaft and prongs was merged with the rendering to produce 
2D and 3D realistic Images of the whole design (Figure 9-5). The CAD model was then used as 
the basis for high quality rendered images that were used to convey alternative colours and 
surface textures (Appendix 5-13). 
Of importance, Is the fact that creating these computer-based PRs was extremely labour, 
equipment and time Intensive: requiring consultation with two specialists (CAD and Ergonomics); 
four different software programs; and equipment In terms of a 3D scanner, RP machine and the 
Freeform® virtual sculpting system! Six weeks passed between Jenny co-designing the handle 
and returning to evaluate it, due to the availability of the CAD expert and a free slot on the RP 
machine. These time scales obviously do not make this type of co-designing feasible in real-time, 
and shows how better integration of 3D digital product representation tools, as proposed In 
Figure 8-4 Is necessary for co-designing. 
Interpreting Rob's and Sarah's designs 
Because of the relatively simple symmetrical nature of the handle designs, after consultation with 
a CAD expert, it was decided to reverse-engineer the clay models into a CAD program by directly 
measuring features and then to produce an FDM RP model from the CAD data. To save time on 
Sarah's model, a separate adhesive grip material was wrapped around the handle to simulate a 
textured cushioned grip, so correspondingly, the CAD model had a recessed section around the 
circumference of the handle. The handles were modelled in Pro/ENGINEER®, rendered In 
Solidworks®, and in Adobe@ Photoshop® a photograph of the shaft and prongs was merged 
with the renderings to produce 2D and 3D realistic Images of the whole design (Figures 9-6 and 
9-7) (Pro/ENGINEER 2004; Solidworks 2004; Adobe 2004). The CAD model was then used as the 
basis for high quality rendered images that were used to convey alternative colours and surface 
textures (Appendix 5-13). 
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Figure 9-6: CAD and Adobe® Photoshop© rendered images of Rob's handle 
: =4 1 0., ---ql 
Figure 9-7: CAD and Adobe@ Photoshop® rendered images of Sarah's handle 
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9.3.5. Participant's evaluations of the computer-based representations 
Regarding criticisms, Jenny on the whole was unimpressed by the computer-based 
representations. Her initial responses to the digital images (Figure 9-5) were: 'it looks odd - it 
doesnt look anything like what I did - its not 3D" The handle was too wide for her wrist, and 
did not communicate how the straps were attached. The wrist support on the RP model was too 
flat, and offered no support, due to the clay flattening under its own weight during drying, and 
transferring the shape information into CAD and RP (Figure 9-8). This indicates an important 
problem with using this type of clay for co-designing. Sarah thought that more finger 
indentations should have been included on the underside of the handle, and through testing the 
handle, Rob thought the RP model was too lightweight and felt cheap, which corroborates the 
finding from Chapter 6, that traditionally, users equate quality with weight (Macdonald 1998) 
(Figure 9-8). 
Regarding positive feedback, Jenny found the handle grip comfortable, as her original shape data 
had been retained, and the slightly textured surface of the RP model had good non-slip 
properties, was comfortable to hold with appropriate weight. Rob and Sarah thought the digital 
images gave a favourable impression of their handles. Sarah thought the digital images "looked 
better than my day model, theres no fingerprints in it like in the day': She thought it looked 
expensive, and chunkier than how she had designed it, and was pleased with the colours. She 
thought that the purple textured areas, looked soft and washable, as though they were made 
from foam. 
Flgure 9-8: Jenny and Rob testing the RP models 
From the 'Modelled handle evaluation quesäonnaires'for the digital representations (results in 
Appendix 5-14), the participants were unable to give ratings to the following properties: 
" Jenny - softness/hardness, texture, roughness/smoothness, temperature and smell. 
" Rob - weight and balance, softness/hardness, texture, roughness/smoothness, 
temperature, sound and smell. 
Sarah - sound and safety. 
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This corroborates the findings from Chapter 6, that digital images do not always communicate 
tactile qualities of products. In comparison, all participants were able to apply ratings for all 
properties to the RP model, indicating that an RP model should always be used with a digital 
rendering to give a full understanding of the product. Interestingly, Sarah rated the weight of the 
handle from the digital images as being good (5). This contrasts with the findings from Chapter 
6, which showed that the weight of a product is difficult to determine from an on-screen image. 
A possible reason is that she related weight to the material, and thinking that the material was 
foam, deduced that the handle in the image was lightweight, and therefore appropriate. 
The most noticeable differences between Jennys ratings for the digital images and the RP model 
concerned the visual appearance and the appeal of the handle. Suggested reasons for this were: 
" handling a model gives a better indication of a product's quality; 
" the RP model's was a poor fit to the user's hand; 
" digital images can give misleading perceptions of pleasure in use, and a true perception of 
pleasure in use can only be gained by using the physical product; 
" lack of colour on the model; 
" the unfinished slightly ridged surface of the RP model offered good non-slip properties, 
whereas the digital images made the handle look shiny and hard, and likely to slip. 
The most noticeable differences between Rob's ratings for the digital images and the RP model 
concerned the functional properties of digging and carrying, which received higher ratings from 
the RP models than the on-screen images, this suggests that RP models provide a better 
understanding of function and usability than digital images. Also, all of the properties for the 
appeal of the handle (quality, desirability, pleasure, value for money and safety) received lower 
ratings for the RP model than for the digital images, suggesting that the RP model in an 
unfinished state produces more negative ratings concerning emotional appeal. The main problem 
concerned the weight of the RP handle being too light compared with the clay, and feeling cheap 
and lightweight. 
The main differences observed between the clay models and the RP models concerned the 
materials. Jenny had based her design upon prior knowledge of plaster cast material, which has 
a degree of flexibility. During the modelling activity, the day had represented this flexibility, 
however upon hardening, this flexibility was lost. Sarah and Jenny found the RP models 
lightweight, and the clay heavy by comparison. Rob found the RP model too rough, and would 
also have preferred a more giving and softer material. This indicates the problems that may arise 
if the modelling material does not replicate the weight of the RP modelling materials or the 
intended weight of the product. 
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Promisingly, Jenny and Sarah both recognised that both the digital images and RP model were 
only prototypes, and represented the first iteration of design: "for a first o11 it's quite good, but! 
see it much more as a prototype. I would need to come back one or two limes to get it just 
right'r. Sarah stated that another session would be needed to further refine the handle, to correct 
the finger grips. This adds weight to the fact that co-designing is an iterative process, but 
contrasts with the findings in Chapter 6, where participants believed the RP models to be the real 
product. 
Differences were also found with the shape of the handles. Sarah thought the day model was 
less chunky than the RP model. Rob observed that his day model had a slight twist to it, but that 
the RP model had been "streamlined" and "simp/ifi&" He preferred his original clay model 
because it looked "less mass produced; and was "asymmetrical' 
Reactions to alternative digital renderings 
The alternative CAD renderings are shown in Appendix 5-13. Interestingly, both Jenny and Rob 
contradicted their earlier comments from the first sessions that they preferred traditional-looking 
tools, by demonstrating clear aesthetic preferences for handles which were brightly coloured so 
they could be easily seen in the garden. Rob thought that many of the digital handles improved 
on texture and material. This shows that users can change their preferences if shown 
alternatives and may reassure the designers interviewed in Chapter 7, who worried that the 
designer's role in co-designing would be reduced to that of a facilitator. Clearly, designers will 
always have a requirement to use their design talent in co-designing. 
Both Jenny and Sarah expressed a dislike for handles which looked cold and hard in appearance 
as they were thought to be slippery to grip. Rob, on the other hand liked the stainless steel 
handle, as it looked expensive, again corroborating findings from Chapter 6, that people equate 
quality with stainless steel in tools. The wooden appearance handle elicited negative reactions: 
Rob disliked the lightness of the wood colour as it suggested that it was not as good quality as a 
darker wood, and Sarah was confused as she thought it might have been metal, but could not tell 
from the rendering. 
All three participants reported the handle shape being changed in the renderings (although it had 
not). For example, Rob thought that the handle's shape had been changed from Image to Image, 
e. g. "the bulbous end is /arger.. it's almost like theres a )Unk at the top whereas the prntotyped 
plastic one is much smoother, and the one I made as like this one on the screen, has a very flat 
bit there and a curvy bit there" Jenny quickly realised that all the Images in fact showed the 
same CAD model, and acknowledged that it was the colours and orientations that changed the 
appearance of the shape of the handle. This adds weight to the findings from Chapter 6 that 
showing different materials and textures can change perceptions of shape. 
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Rob thought that the images would look more believable if the shaft and prongs had been 
Included in the images (they were omitted to save time), and if the digital Images included a 
context, such as soil, or hanging in a storage shed. Several different views of the same handle 
would also be useful. This implies that basic static renderings are not sufficient to communicate a 
product, and different views and a context are needed. 
9.3.6. `Bettei' products through co-designing? 
Three participants (Jenny, Rob and Sarah) returned to see their designs produced as computer- 
based PRs and completed further evaluation questionnaires. Refer to Appendix 5-15 for the 
calculations. Weighted scores (M (based on the participants' original requirements of a fork 
handle score - Appendix 5-10) were firstly calculated for the original fork handle. A mean 
weighted score was then calculated for the digital images and RP model of the participants' 
handles (Appendix 5-15). A summary of the weighted scores appear in Table 9-3. 
Table 9-3: Weighted scores for original and co-designed handles 
Mean weighted 
score for the 
Weighted score Weighted score handle 
Weighted score for the handle for the handle represented by 
for original fork represented by represented by digital images 
Participant handle the digital images the RP model and RP model 
Jenny 220 244 325 284.5 
Rob 188 255 286 270.5 
Sarah 236 425 433 429 
The results show how overall, all three participants considered their redesigned handles to be 
`better' than the original fork handle, with the best representation of the handle in all cases, being 
provided by the RP model. The participant who considered her design the biggest improvement 
(of 193) on the original fork handle was Sarah. This was also reflected by her many positive 
comments when shown the computer-based PRs. Jenny's handle was only `better' by 64.5, 
which again was reflected by the negative comments concerning the models and images. Despite 
this however, she still considered her prototyped handle to be an improvement on the original. 
9.3.7. Reflections on the co-designing sessions 
The studies with each participant are discussed individually to reflect upon the successes, 
limitations and wider findings of co-designing in this way. A summary of knowledge gained from 
all the studies Is presented In Table 9-4. 
Ann 
The pilot study with Ann established that the co-designing using sketching and day modelling 
was worthy of further exploration. Furthermore, the type of design output produced by the 
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participant was suitable for being reverse-engineered and re-produced as digital and RP 
representations. Several important issues were also highlighted. Firstly, the participant seemed 
uninterested at times, and finished the activities quickly. It could be that this disinterest was due 
to the researcher reading too much into the discomfort during the silences, (which felt stifling) or 
it could have simply been that the participant naturally worked quickly. This indicates that in co- 
designing activities it may be difficult for designers to work with participants who are not 
particularly vocal, and designers should be careful about interpreting participant's silences as 
disinterest. There was evidence however, that the participant did not identify with the task. For 
example, she was noted as saying, "what's the point? The Idea/garden fork already exists" This 
indicates that it is important to explain clearly what co-designing means, and the value that users 
can have in the design process. The lesson learnt from this was that a more detailed introduction 
and explanation to future sessions would be needed. 
The clay model did not look like the design on the participant's drawing. This could either be 
because the participant lacked the ability to draw accurately her ideas, or because the participant 
changed her mind about the design when she began to physically model it. Despite the 
differences between the sketches and the model however, she did manage to capture her main 
requirement - that the handle should be short enough so that the end sits in the palm of the 
hand. 
The following changes were to be made to the next co-designing study with Jenny: 
" Explain more clearly In the introduction to the session why the research is being 
conducted. Place emphasis on the researcher wanting to learn about the process of co- 
designing, rather than the actual product produced. 
" Make the co-designing environment more inspiring with more gardening posters and 
props. 
3enny 
This study highlighted further important issues. The participant co-designed a highly customised 
handle, however it was shown that 3D scanning the entire handle and reproducing CAD and RP 
models from it, had limited success, due to the day deforming, and the RP material not 
representing the specified material. Despite this, the part of the handle gripped by the user was 
manufactured successfully, and if further development were to be done on the handle design, this 
shape data could be retained. This study illustrated how co-designing using digital media needs 
to be an iterative process whereby the user returns to ensure that errors are not carried through. 
If the dry clay model had been shown to the participant before it was 3D scanned, costly 
mistakes could have been avoided. There were further problems with the sheer amount of time 
and resources used to produce the computer-based PRs. This kind of exercise is dearly not 
feasible unless access to equipment and expertise Is immediately available, and the PRs can be 
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turned around and presented back to the user in a matter of days. This demonstrates the need 
for digital technology which facilitates rapid iterative feedback. On a positive note, the session 
itself was more enjoyable that that with Ann. This could be because the participant was more 
vocal, or because it was the researcher's second session, so knew what to expect. 
The following changes were to be made to the next co-designing study with Rob: 
" Show examples of other participants' work, (or samples prepared by the designers, at a 
basic 'rough' level) to prove to the participant that they are not expected to produce 
`works of are. 
" Give participants the option of beginning with 3D modelling if they prefer not to sketch. 
" Encourage participants to describe what they are designing and why, as they work. 
" Be prepared for the fact that participants may come to the session with pre-conceived 
ideas and try and explore the reasons for this. 
Rob 
As with Jenny, this study highlighted how presenting alternative aesthetic options to users that 
they had not chosen themselves, resulted in users changing their minds about what they want 
from a product. This corroborates the statements made by designers in Chapter 7, that users do 
not know what they want from a product until they see it. When co-designing therefore, it would 
be good practice to go beyond what users say they want and offer them a few radically different 
alternatives. As this study showed that users tend to specify design properties based on what 
they already know, therefore to create designs which are different and exciting, designers will 
need to push users' boundaries of what they think they will like. This will hopefully reassure 
designers who think that co-designing makes the designer redundant. No changes were to be 
made to subsequent studies. 
Sarah 
In contrast to Ann, this study highlighted the difficulties of working with participants who are 
overly talkative. Although talking is good if it concerns the product, general chit-chat can become 
an obstacle when it prevents the participant from doing the task they are there to do. This is 
where designers and researchers need skills in steering the participant back to the task in hand. 
How designers gain these skills, or whether they are an innate skill is another issue. 
The knowledge gained from each study is presented in Table 9-4. This knowledge forms the 
basis of further guidelines for co-designing. Only new, not repeated knowledge Is presented, so 
by the fourth study with Sarah the volume of new knowledge was reducing as saturation point 
was being reached. 
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Table 9-4: Knowledge gained from the studies 
Participant Knowledge gained from study 
Ann Physical clay models may not resemble the participants' drawings; therefore 
avoid relying on only one form of communication. 
" Working in a one-on-one designing situation with an individual participant can 
feel stifling. The participant may feel like they are being examined, and the 
researcher may not know whether to interrupt or just let the participant get on 
with the activities. 
" Participants need to see the point of why they are co-designing, particularly if 
the product is one for which they already think an ideal exists. 
" Participants may model their designs much quicker than expected. This could 
either indicate confidence with the task, or a lack of confidence and therefore a 
desire to get the task'over and one with'. 
Jenny RP material may not be appropriate for representing the entire produdL E. g. its 
weight, flexibility. 
" Clay models can deform during the drying process, losing the user's shape data. 
Therefore It is advised to check the accuracy of the dry model before 
proceeding further. 
" Participants may opt to skip the drawing stage, and begin with 3D modelling. 
The researcher must ask questions to fill in missing details that would have 
been captured In a drawing. 
" Participant's perceptions of on-screen images of products may be affected by 
the material the product is rendered In and the viewing orientation of the 
product. 
" It can be difficult to interpret a clay model, as It is not always clear whether 
indentions in the day are intentional and actual shape data, or due to 
`unfinished' modelling. 
" To help users with specific needs, specialists (e. g. ergonomists) could also 
attend co-design sessions. This would save time later on if the designs 
produced by the users prove to be unsuitable or unsafe. 
Co-designing must be an iterative process. 
" Users can change their minds about what they want aesthetically from a handle, 
when shown alternatives that differ from their specification. 
Rob Designers should not assume designers know how to model in day. A basic 
demonstration of the modelling media should be given. 
. RP material does not communicate material qualities well, and can lead to 
negative opinions about the product 
Users can be unable to mentally process that a model is not the real product. 
Digital PRs need a context and should be complete for believability. 
" Recruit participants who are genuinely Interested in the product. 
Sarah . Participant's answers to the questionnaire rating scales can contradict what they 
sketch and model. 
" Participants need clarification on whether to design for all users or for 
themselves. 
After completing four co-designing studies, it was evident that patterns were beginning to 
emerge, and the same issues were apparent. The decreasing number of pieces of emergent 
knowledge from each study is evidence of this. The same problems and issues were highlighted 
with using digital and RP technology for representing products, (e. g. time, cost, problems 
communicating weight etc., as previously discussed), and it was felt that investing more time and 
money in conducting further studies using 3D scanning, CAD and RP would yield little new 
information. Of more interest was the recurring issue throughout the studies, of how the process 
would differ if co-designing were conducted with small groups of users instead of individuals. It 
was therefore concluded appropriate at this point to explore the process of co-designing with two 
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groups of four users. Digital and RP technology would not be investigated in these studies, due 
to the costs involved, and Instead the focus would be on studying the group dynamics and 
Interactions between the participants, the designer /researcher and the physical product 
representations. 
9.4. Results: group co-designing 
The two studies are presented together, so that similarities and comparisons may be drawn 
between the way the participants worked as cD-designers In a group situations and as Individuals. 
It was not known prior to the sessions how group co-designing would work, Le. whether users 
would design autonomously, or as a group. It was therefore decided to conduct the sessions in 
the same way as with the individual users, and let the designing sessions 'unfold'. The samples 
for the group studies appear in Table 9-5. Participants' names have been changed. It proved 
difficult to find participants who were all able to commit to the same session time, therefore Amy 
and Andy were asked take part, to make up the sample In Group A. They were both colleagues 
of the researcher and therefore had trained as designers. The researcher thought it would be 
interesting to see how they co-designed with users with no design experience. The other 
participants were not told that Amy and Andy had design training. This was not thought to be a 
problem, as it is Inevitable that within any group of users some will be better at drawing and 
modelling than others. 
No new insightful information was gained from the immersion questionnaires, so the results are 
not discussed here, but are included in Appendices 5-10 and 5-11 for reference. The nature of 
the discussions however, was felt by the researcher to be more interesting, both to conduct and 
listen to. The discussion flowed better, as participants picked up on other participants' comments 
and added their own. This in itself, is hardly surprising, as focus groups are acknowledged as 
being a good way to elicit opinions from a group of people (Bruseberg and McDonagh 2003) and 
are used extensively in the early stages of product development. Discussions in co-designing 
sessions are therefore best conducted with small groups of users. 
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Table 9-5: Sample for group sessions 
Participant Age Gender Type of Years Problems with using hand Gardener gardening tools 
GROUP A 
Alice 48 F Moderately Starting to have problems with 
experienced 25 grip and back ache. amateur 
Amy* 23 F Amateur Some tools are badly designed 
with little 5 and give blisters if used for a 
experience long time. 
Alan 80 M Experienced Need extra leverage with 
amateur secateurs due to slight arthritis 
50 Forks and trowels are rough on 
palms of hands. 
Andy* 25 M Keen Problem with kitchen whisks if 
beginner 1 handles are too thin therefore hard to hold for long periods. 
Gets dry hands, reducing grip 
GROUP B 
Beth 25 F Keen None 
beginner 1 
Bella 27 F Amateur Left handed, so shapes of 
with little handles can be a problem. End 
experience 3 of paint brushes can be sharp 
and dig into palm of hand. 
Bridget 25 F Keen Problems due to meta carpel 
beginner 5 tunnel syndrome in wrists. 
Ben 23 M Moderately The transfer of vibrations up 
experienced 7 hand and arm 
amateur 
*Had prior design training 
9.4.1. Co-designing 
Both groups were given 20 minutes to draw their ideas for an improved handle (Appendix 5-12). 
In both group sessions, participants worked individually to design their handles on paper. In 
group A, participants worked quietly, and did not speak to each other. The researcher left the 
room for approximately five minutes, but left the video camera running. During this time, none 
of the participants spoke to each other. It could be that the presence of the video camera made 
participants reluctant to speak. 80 year old Alan and 48 year old Alice appeared unsure of what 
to do and were observed to be looking at the other participant's drawings before starting to 
sketch their own. Amy and Andy (who had design experience) on the other hand, began 
sketching quickly. Evidence of this is on their sketch sheets where there are many more 
drawings. To encourage discussion, the researcher showed the group the handle produced by 
Jenny. The group then became more vocal, with 80 year old Alan recognising the advantages of 
a personal fit. Participants in Group B were also quiet when drawing, but by now the researcher 
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had come to expect this. Beth and Bella were slow to begin drawing and watched the other two 
participants before beginning their own. Although both co-designing sessions were surprisingly 
quiet, the participants did not seem to find this a problem, and appeared happy to draw in 
silence. Occasional comments referred to participants' perceptions of their ability to draw, e. g. 
'Im hopeless at drawing .. J can'seem to.... ", indicating that as in previous studies, participants 
can find it difficult to translate their ideas into drawings. 
After 20 minutes, the researcher stopped the designing activity, and asked participants to explain 
their design ideas to the rest of the group (the design sheets in Appendix 5-12). In Group A the 
main similarities and differences between participants were: 
" Similarities in designs were found between Amy and Andy, who included a ball shaped 
handle on their design sheets. 
" Amy, Alan and Andy all identified a guard on the front of the handle, to prevent the hand 
from slipping onto the prongs. 
" 48 year old Alice produced an individual design which she described as a "next generation 
fork; whereby the handle holds a battery, which enables people with limited grip to have 
extra power when digging. "By pressing a button, the prongs move from position one to 
, position two" 
" 23 year old Amy produced a handle which wrapped around the hand; inspired by Jenny's 
design. 
" 80 year old Alan had been heavily influenced by Rob's handle, as he identified that he 
himself, also had large hands, therefore used Rob's handle design as inspiration. 
In Group B: 
" Despite the limited amount of verbal interaction during the designing session, all four 
designs had common features. All were similar in shape and most significantly, all 
featured a guard to stop the hand from slipping onto the prongs. 
" All four participants identified that their handles should have a rubber grip. 
" 25 year old Beth designed a handle which can be shortened or extended 
" 23 year old Ben specified a ball shaped handle, obviously drawing inspiration from Amy's 
and Andy's design sheets from Group A, which were pinned on the wall during the session. 
As in the studies with individual participants, during the modelling activities, participants in both 
groups became more animated and there was more discussion and interaction. It was interesting 
to observe how 23 year old Amy checked to see if the fit of her design was also suitable for 80 
year old Alan, indicating that participants were able to imagine other users beyond themselves 
using the handles. In Group B, participants were observed to be watching how others in the 
group were making their models, which would explain why all the handles ended up looking so 
similar. After the modelling was completed (approximately 20 minutes), participants presented 
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their designs back to the group who offered a critique on the design. Participants also tried each 
other's handles, although care had to be taken as the day was still wet (Figure 9-9) 
It is interesting to note that in Group A, Alice, Alan and Andy all produced designs which related 
to their drawings, whereas Amy's clay model was entirely different from her drawn designs, and 
featured a design which wrapped around the hand (Figure 9-10). The design was praised by the 
other participants, for being an original idea, and in testing, they also found that the handle fitted 
all of them. It was suggested however, that the handle would collect grit and dirt when digging, 
which may become uncomfortable. Alan's handle was also praised for being comfortable, with 
the thumb bump on top of the handle being considered a novel grip feature. Andy's design was 
found to be uncomfortable due to the ball at the end of the handle. Encouragingly however, 
when offering a critique, the participants made suggestions for how the feature could be 
improved. Alice's design was found to be comfortable by two of the participants, with Andy 
offering suggestions for a more comfortable thumb grip. 
Group B produced very interesting handle designs from the point of view that they were all very 
similar (Figure 9-11), probably due to the fact that during both the designing and modelling 
activities, participants were observed to be looking at what other people in the group were doing, 
in comparison to Group B, where participants worked more autonomously. There was therefore 
less of a critique because all the handles were so similar. 
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Figure 9-9: Critiquing designs in group co-designing 
9.4.2. Reflection on the group co-designing sessions 
From the discussion, it was evident that both groups found taking part in the sessions a positive 
experience. As in previous studies, participants revealed that they preferred the clay modelling to 
the drawing, which they found difficult with the exception of Andy, who found the modelling 
frustrating as the clay did not always do what he wanted it to. Participants enjoyed critiquing 
each others' designs in a group. Alice thought it was good to be able to design a handle and 
think that you may be able to actually buy it, which shows that unlike two of the participants in 
the individual sessions, she could see that co-designing would have a tangible outcome. There 
were no negative criticisms of the sessions, with all participants appearing to enjoy themselves, 
and were pleased with what they had produced. 
The two studies showed how co-designing with small groups of users was a more interactive 
process than working with individuals, although participants still prefer to draw in silence. From 
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Figure 9-10: Handle designs by Group A 
Figure 9-11: Handle designs by Group B 
the designer's point of view, co-designing with small groups of users is more economical, as a 
greater breadth and quantity of ideas are produced in a short time. Working with individual users 
by comparison allows the designer to get to know the needs of one user in great depth, but the 
output is limited to one concept. 
The designs produced by the users In these studies were not taken further and produced as 
computer-based PRs. With Group B, where all of the designs were very similar, it would be 
possible for designers to create a new concept from scratch which included the features specified 
on the models, e. g. hand guard, grips. A range of RP models could be produced; CAD models 
rendered and presented back to the same users for critique. The Ideas produced by Group A 
however are more problematic because they were all quite different. In this scenario, the 
designers would need to decide which ideas they wanted to pursue further, based on their 
knowledge of manufacturing and materials, and so on, or whether to take away information from 
the representations in the form of user-led design criteria, which can then feed into further design 
development. 
In Group A, Amy and Andy had design experience. Although this came about through 
convenience sampling, it actually proved to be a useful strategy. As these two participants started 
sketching ideas quickly, the other two participants with no design experience were able to see 
what was expected of them, and felt confident to start designing themselves. In comparison with 
Group B, where none of the participants were from a design background, the drawing was much 
slower to get started, with all participants seeming to wait until someone else put a mark on the 
paper first. A useful approach in co-designing sessions may therefore be to have some users 
more competent at sketching in the group, to assist other users, and to get the drawing and 
modelling activities going quicker. 
With the models produced by the participants in the group sessions, there was evidence that they 
were using ideas produced by other participants from other sessions as inspiration. For example, 
Alan used Rob's handle as inspiration, and Amy based her idea on Jenny's concept. In the 
researcher's opinion, this allowed the participants in later sessions to come up with more radical 
ideas, as they were building upon the simpler ideas from earlier sessions. This suggests that for 
designers conducting co-designing studies, it is useful to build up a body of design Ideas- 
produced by users and designers to serve as inspiration. This was also suggested by Reich et al 
(1996), who suggested that understanding in co-designing can be improved by recording 
previous participation projects and their presentation in a form that can be studied by potential 
participants. 
With the group sessions, there was more of a feeling that the users felt that they were helping to 
solve a real design problem, with some of the participants asking if the designs would be taken to 
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a manufacturer. Working in a group seemed to give the users a greater feeling of empowerment, 
and none of negative comments that were seen in the individual sessions (e. g. "what's the 
point? q were apparent. However, this may have been because the researcher had become 
practiced at explaining the benefits associated with co-designing from their point of view. This 
style of introduction had been lacking in the earlier studies. Table 9-6 summarises the knowledge 
gained from the group co-designing studies. 
Table 9-6: Knowledge gained from the group co-designing studies 
Knowledge gained from the group co-designing studies 
" Users prefer to draw in silence. 
" Discussions are more free-flowing, with less input from the researcher required. 
" Participants turn to each other for inspiration, and find it useful to refer to examples produced by 
other participants. 
" Users' designs can have a degree of similarity. It is up to the designer whether they tell users to 
work together as a team, or autonomously to create individual ideas. 
" Participants are able to use other participants of different ages and abilities to check the 
inclusiveness of their designs. 
" Users who are more competent at sketching can help to get activities started and assist 
participants who are struggling to translate their ideas onto paper or into clay. 
" Group sessions may give users a greater feeling of empowerment, as they feel that they are 
working towards a common goal. 
9.5. Discussion 
This chapter aimed to determine how using a combination of digital and traditional product 
representations can facilitate co-designing. By conducting exploratory studies, important issues 
concerned with co-designing (beyond those of the technology) have emerged. The three 
objectives posed at the beginning of this chapter are addressed, followed by some general 
reflections on user and designer interaction; the notion that co-designing can produce 'better' 
products, and facilitating inclusive design. It must be noted that reflections on existing literature 
were limited by no other similar published work being found. 
9.5.1. Transferring users' 1o-tech design material further into the design process 
as hi-tech outcomes 
How users' design material is transferred further into the design process depends upon what the 
designer is trying to achieve. Two options are proposed: 
1. If the designer is trying to create a one-off customised'user-fit' design, then the users' 
shape data is required. This is best captured through 3D scanning, and accurate reverse- 
engineering and is typical of the co-designing sessions conducted for this chapter with 
individual users. 
2. If the designer is more interested in eliciting priorities for a product design, (. e. user-led 
design criteria, then users' design material can be analysed. For example, in a group 
situation, if several users specified a particular feature on their design, this may indicate 
the importance of this feature. Designers can then use this information to feed into 
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product development. This is more typical of the outcomes from the group co-designing 
sessions conducted. 
With the individual users, customised designs were produced, and basically the complexity of the 
design dictated how it was interpreted. Handle designs with symmetry and basic cylindrical 
shape were quickly reverse engineered by directly measuring features from the handle. For more 
complex, organic designs (such as that produced by Jenny), 3D scanning the form was the only 
option, as the shape of the day model could never have been accurately captured in CAD by any 
other means. It is recommended that decisions on how to interpret the design should always be 
made with a CAD expert who could advise on the best way to recreate the design in CAD. As 
with Jenny's design, a better option than 3D scanning the entire part, would have been to just 
scan the gripped section, and re-create the rest of the wrist support in CAD. Problems arise 
when it becomes difficult to interpret the clay model, as it is not always clear whether indentions 
in the clay were intentional and actual shape data, or due to'unfinished' modelling. 
A further problem In co-designing is when the physical clay model does not resemble the 
participant's drawing. The dilemma is whether to only interpret the design on the basis of the 
clay model, or the clay model with the drawing, as the clay model may not have included all the 
intended features. It is recommended that the designer Interprets the clay model, and Includes 
features which have also been specified on the drawing - thus triangulation of feature 
specification from more than one source Indicates that the feature is Intentional. As it is evident 
that co-designing needs to be an iterative process, the Interpreted design can be presented back 
to the participant for clarification and modifications made as necessary. 
9.5.2. Facilitating co-designing by transforming lo-tech representations of design 
ideas Into hi-tech outcomes 
A major problem experienced with interpreting and transforming the day designs into digital 
representations were the time scales involved. It took several weeks to have the designs drawn 
up in CAD, and then rapid prototyped, meaning that participants waited approximately six weeks 
before returning for their second session. A real concern was that participants would have 
forgotten what they had designed and why. Obviously, for co-designing, CAD and RP models 
must be ready for evaluation in days rather than weeks. In the future, with desktop 3D printers, 
where RP models could almost be instant, this may be a possibility (Section 3.6), but currently is 
unfeasible. In addition to the time involved, were also the cost implications of the expertise 
needed (e. g. CAD expert, ergonomist), and the number of different software applications (e. g. 
CAD, rendering, 3D scanning), and tools (e. g. 3D scanner, RP machine, virtual sculpting system) 
to produce one RP model and a set of rendered digital images. Using available technology in co- 
designing in its current state is clearly not feasible. The traditional methods of drawing and clay 
modelling can be seen to offer advantages over existing technology for co-designing in terms of 
time and cost. 
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The effectiveness of the technology also depends on the skill of the person operating it. For 
example, the digital renderings were compromised by the inexperience of the CAD operator in 
digital rendering (who omitted the prongs and a background to save time). Highly skilled 
designers would be able to produce more realistic and complete renderings than were used in 
these studies. 
The RP material was found to be Inappropriate for representing the handles. Although the RP 
models were useful for judging size and scale, they were less useful for presenting materials, 
textures and weight, so it Is recommended that separate material samples will still always be 
needed. The digital images did a better job of communicating texture and colour, which shows 
that ideally, a combination of digital CAD and physical RP models Is needed. 
Clay was used as the modelling material because it was thought to be most appropriate for 
modelling handles, and was cheap and easily available. However, there were problems with it as 
due to its weight, it deformed during the drying process, thus losing users' actual shape data. It 
would be useful to explore different modelling materials to see if there are materials which are 
more suitable to this type of application. 
9.5.3. How participants perceive their designs when presented with them as 
digital and RP representations 
Most interestingly, participants showed strong aesthetic preferences, when presented with their 
designs in alternative colours and materials, challenging their ideas of what they thought they 
wanted from a handle. This is important, as it will reassure designers in co-designing that users 
can be flexible if offered alternative ideas. All of the participants acknowledged that the digital 
and RP representations presented back to them did not fully resemble the designs they had 
specified, and very much saw them as'first attempts' to which they would need to return to get 
them right. The main reason for this was to do with the CAD modelling, which simplified the 
handles. It was sometimes hard for the researcher and CAD expert determine if bumps and lumps 
in the clay were intentional holding features, or were simply due to rough unfinished modelling. 
9.5.4. General reflections 
How the designer and the user interact during co-designing 
It was found that the best way for the researcher to interact with the participant during the 
designing sessions was to encourage general conversation around the topic of gardening and 
tools. It was observed that when participants digressed onto other subjects, they concentrated 
less on their design tasks. Although the author sometimes found the silence stifling, while the 
participants were designing, the participants did not appear to find this to be the case as they 
were simply immersed in their task. With small groups of participants, the researcher was less 
involved as participants discussed ideas with each other. 
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These studies explored how users can communicate their design ideas to designers. The 
designer assumed the role of a facilitator during the sessions, giving the users the opportunity to 
come up with the design ideas. The designer then assumed more of a design role for interpreting 
the users' design material and presenting it back to them. It would be interesting to explore how 
the process would work if the designer were to do more of the sketching and modelling, under 
participants' instructions. Presumably this would create more dialogue, as the designer would 
constantly need to ask questions to clarify if they had interpreted the participant's ideas correctly. 
There could also be the risk however, that the designer could'take over'the design. This 
strategy would obviously be highly labour intensive, and could only be done in a one-on-one 
situation. Another strategy, as used (unintentionally) in Group A was to'hide' designers in with 
the group of participants. This enabled the drawing activities to be started quicker. It would be 
interesting to explore this strategy further. 
Does co-designing result in a 'better product? 
Encouragingly, studies with Jenny, Rob and Sarah all showed that they thought that the handles 
represented by the digital images and RP models were 'better' than the original fork - thus 
indicating the potential for co-designing to lead to improved products. It would be misleading to 
claim at this point that co-designing a/ways leads to improved products, but there is evidence 
from these studies, which indicates that it can. Factors such as the type of product, the users 
involved, and the skill of the facilitator are influencing factors. Further investigations are needed, 
looking at different products, and with a larger sample of users evaluating each other's designs. 
Can co-designing facilitate inclusive design? 
Evidence from these studies suggests that co-designing allows users to consider the needs of 
other users, particularly if users of mixed ages and abilities work together in a group. For 
example, Sarah asked whether to design for left or right-handed users, and 23 year old Amy 
tested that her design was also comfortable for 80 year old Alan. Amy, who did not suffer from 
any medical condition affecting her ability to use hand tools, based her handle design on Jenny's 
supportive wrap-around handle to help with arthritis. This illustrates how products that are 
designed to be assistive, can also be appealing and desirable to able-bodied users. Examples of 
products such as 0X0 International Good Grips kitchen tools, which successfully achieve this, 
have also been reported in Coleman (2004) 
9.6. Conclusions 
The hi-tech digital technologies used in these studies did `do the job', however, there were major 
problems, particularly to do with the time and costs involved. In addition to highlighting 
problems with the technology, these exploratory studies also indicated that there are interesting 
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Issues concerning the actual nature of involving users in designing (e. g. the importance of 
understanding whyco-designing is needed; the benefits of users working in groups; users 
intuitively designing inclusively), and these in themselves need further exploration. As identified 
at the end of Chapter 8, there is little evidence that co-designing has been explored from a 
commercial perspective. Thus, the next chapter brings together these two concerns and presents 
a case study, which explores the wider issues of user involvement in designing through product 
representations, by considering the perspective of all stakeholders involved. 
Further guidelines for co-designing emerged from this research - both new, and confirming those 
which emerged from earlier studies. These were presented in Tables 9-3 and 9-5. The 
guidelines support the description for future functionality of computer-based co-designing tools, 
particularly the need for quick data exchange (as identified in Chapter 8). The guidelines are 
further assimilated in Chapter 11. 
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CHAPTER TEN 
A Collaborative Case Study 
Exploring Co-Designing 
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10. A collaborative case study exploring co-designing 
10.1. Introduction 
Chapter 9 put forward the case for exploring further, the issues concerning the nature of 
involving users in designing. Although (albeit limited) examples of collaborative co-design exist in 
the literature, none of these studies have specifically considered the views and experiences of the 
stakeholders involved in co-designing. This study therefore presents an example of collaborative 
co-design, from which stakeholder views and experiences can be explored. As Section 8.6 
showed that lo-tech hand-made models and sketches could meet the requirements for facilitating 
co-designing, and that digital PR technology is not good enough due to the time and costs 
involved (Chapter 9), lo-tech methods will be used as a vehicle to gather knowledge about 
stakeholder views and experiences of co-designing. This will provide further understanding of 
how PRs can allow today's design teams to communicate with users in the early stages of the 
design process, and highlight issues concerning how co-designing can realistically work in 
industry. 
10.1.1. Rationale 
Both lo and hi-tech product representation methods have shown the potential to be used in a co- 
designing process to allow users to communicate their Ideas about future products to design 
teams. Evidence from Chapter 8, and the literature all point to this: Dolan et al (1995), reported 
users making models of telephone handsets from clay; Demirbilek and Demirkan (2000,2004), 
studied older users sketching ideas for doors and door handles of homes they would like to age 
in; Sener (2004) used the Freeform® virtual sculpting system with users at Proctor & Gamble to 
co-design health and beauty packaging products; and Stone et al (2001), described users 
presenting ideas for washing detergent packaging (also for Proctor and Gamble) using a 'package 
design kit. Interestingly, the collaborative examples found in the literature were all conducted 
with Proctor & Gamble, indicating that perhaps only very large organisations are exploring the 
approach, or perhaps because they collaborate, they therefore publish. Furthermore, none of 
these studies reported in depth on the views and experiences of the stakeholders involved in co- 
designing. 
There is therefore a requirement to study the experiences of all stakeholders Involved in co- 
designing activity in a commercial organisation; to critically assess how co-designing does and 
does not work within a commercial setting; and to examine the wider issues of involving users in 
the design process. Furthermore, although technically possible, it is not practical to co-design 
using digital PRs, due to time and cost issues (as demonstrated In Chapters 8 and 9). PRs for co- 
designing must therefore be cheap and quick. However, further understanding (which builds 
upon that in the literature) Is required of how these PR methods can be used in a commercial 
setting to produce real results that are transferable in an organisation's PD process. 
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10.1.2. Aims and objectives 
The study aimed to explore the value of co-designing in a commercial setting from the points of 
view of the different stakeholders involved, and to build upon recommendations and guidelines 
for assisting design teams in involving users. Emphasis for further learning was placed on the 
optimum use of product representations in the design process. 
The objectives were to: 
gain an understanding of the value of co-designing activity for all stakeholders. 
gain an understanding of how co-designing can be facilitated in a commercial context; and 
add to knowledge on how traditional product representation methods, (i. e. hand drawn 
sketches and hand-made models) can facilitate co-designing; 
10.1.3. Collaborating organisation 
A collaborating organisation was needed as a case-study for this aspect of the research. 
However, there were constraints in selecting a suitable organisation. For various reasons (e. g. 
cost, inconvenient timing, lack of a suitable case-study at the time, reluctance to work with users, 
or the designers having left the company) none of the organisations interviewed in Chapter 7 
were suitable. Due to these selection constraints it was decided not inflict further limitations by 
considering only organisations who manufactured products which would be represented using 
conventional digital PR and RP methods. 
A packaging design manager who had previously worked with the university expressed interest in 
the co-designing approaches being developed. He recognised that the packaging products 
produced by his organisation had many fundamental usability problems that would benefit from 
user involvement. The manager was employed by Amcor Flexibles (AF): an international 
manufacturer of flexible packaging for clients producing fast moving consumer goods (FMCG) 
such as food, household goods and toiletries. He was responsible for producing new packaging 
concepts based around emerging technologies. Due to the nature of the material, the packaging 
products were not rapid prototyped by the methods discussed in this thesis. However it was 
decided to collaborate with AF for the following reasons: 
0 the opportunity to learn about the process and value of involving users in a real 
commercial setting; 
" the packaging product had obvious problems with perceptions of usability; 
" the products were suitable for being co-designed using cheap, easily available and quick 
PR methods; 
0 the organisation had an international presence and access to various stakeholders was 
possible; and 
" the organisation had a need for the research, which they were willing to resource. 
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Company background 
Amcor Is one of the world's top three global packaging companies, with manufacturing sites In 
over 40 countries (www. amcor. com). The company manufactures a range of packaging including 
PET plastic bottles and jars; closures; flexible plastic packaging; cartons; paper; corrugated card 
and metal packaging. The collaboration was with Amcor Flexibles (AF) - the part of Amcor's 
business dealing with flexible plastic packaging. AF claim to be a market-focussed organisation, 
and recognise that and understanding of what makes a product more appealing to the consumer 
is the starting point for packaging innovation. 
The opportunity 
Flexibles are wrapping and film products used in a variety of packaging applications, I. e. food, 
beverages, and medical products. Flexible packaging solutions include high barrier transparent 
materials, and easy-open options, including peelable films, and laser cutting technology. AF 
developed'Heat Flex- a range of flexible packaging laminates used for ready meals, soups, 
sauces, cooked rice, vegetables and pet food. The packaging is microwaveable; allowing the food 
to be cooked inside the packaging. Although technologically sound, AF are aware that there are 
consumer usability problems associated with this type of packaging, when it is heated in a 
microwave, i. e. the plastic becomes too hot to hold, due to the heat generated by the packet 
contents. Also, research conducted by a large customer of AF's had suggested that consumers' 
experiences of plastic pouches was not positive. Users had concerns regarding stability, rigidity, 
as well as handling when hot and opening. 
In order to present the potential of this packaging to existing and new customers, and to prevent 
it being led by technical innovation rather than specific user needs, AF wanted to consider 
consumer needs and produce a carefully considered re-design of the packaging. Following 
telephone discussions and face-to face meetings with the design manager, it was determined that 
co-designing techniques would be used to generate insights into users' perceptions and 
experiences of existing flexible packaging. From AF's perspective this provided them with user- 
led design criteria for future packaging concepts. This also provided the researcher with an 
opportunity to gain an understanding of how co-designing with product representations can be 
facilitated in a commercial context. 
10.2. Study Design 
The study took the form of a case study -a research strategy which focuses upon understanding 
the dynamics present within single settings (Section 5.5.3). Guidelines for conducting case- 
studies (Eisenhardt 2002; Yin 1984) were followed. To minimise the financial costs involved in 
conducting research within a commercial context (in terms of payment of participants, cost of 
resources and the time availability of AF staff) a one-day'user workshop' was the most 
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appropriate way to get the maximum output from users in the shortest time possible with the 
least financial cost. The workshop took the format of a number of activities (Section 10.2.5), 
worked through over the course of one day. The ethical approval gained from the Loughborough 
University Ethical Advisory Committee for the study in Chapter 9 also covered this study, as the 
methods, forms and procedures were similar. 
10.2.1. Sampling strategy 
AF were keen to explore the view of a broad range of participants, in terms of age and specifically 
the views of those who regularly cooked for children and who had dexterity problems. The 
researcher suggested that a maximum of 10 participants (5 male, 5 female) would be desirable, 
as this sample size would allow participants to work together in small groups, yet not feel 
intimidated about speaking aloud to the rest of the group. In addition, all participants needed to 
be microwave users. 
Participants were recruited through an advertisement (Appendix 6-1) placed on the 
Loughborough University electronic notice board, and by contacting participants who had 
participated in previous research sessions. Interested participants were asked to complete a 
short screening questionnaire (Appendix 6-2) prior to the selection process, to ensure that the 
best possible sample and mix of participants was achieved. 
10.2.2. Preparation prior to the workshop 
A week prior to attending the workshop, each participant was provided with a 'workshop 
preparation pack' containing two samples of microwaveable flexible packaging (one soup, one 
rice), a user workbook and a disposable camera. This was to allow the participants to go through 
a process of immersion, familiarising themselves with the product, and to document their 
experiences of using It. 
User workbook 
The workbook, or `user diary' was selected as a method suitable for gaining Information about 
participants' experiences of a product, in the context of their own homes (Gayer et al 1999). It 
was the most cost and time effective method of gathering the required Information in a non- 
invasive way. The workbook (Appendix 6-3) was A5 In format and 20 pages long (Figure 10-1). 
The workbook was intended to: 
" Provide the participant with information prior to attending the workshop; 
" Allow the participant to capture positive and negative perceptions, needs, expectations 
and experiences of microwaveable flexible packaging prior to attending the workshop. 
" Allow the participant to record their experiences In written and sketch format. 
To introduce participants to the packaging and to encourage them to think about the activity of 
microwaving, two exercises were presented: 
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" Participants were asked to sketch the layout of their usual cooking environment, showing 
the position of major appliances and the position of the microwave, and indicating any 
access problems which cause difficulties when cooking. This was to establish if these 
factors could be contributing to the participant's negative experiences of the packaging. 
" Participants then completed a short questionnaire based on previous purchase and 
experience of microwaving such packaging; and positive and negative impressions. 
": 'n 
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Figure 10-1: User workbook 
Before heating each pouch, participants were asked to document their thoughts about its 
appearance, stability, opening and cooking instructions, expectations of performance, and 
whether they would buy it. They then cooked each product using the microwave method, and 
answered questions concerning use of instructions; utensils; performance; problems and disposal. 
Finally, there was space at the back of the booklet to document any further thoughts. 
Disposable camera 
Disposable cameras were provided to allow participants to visually record their cooking 
environment, the position of their microwave, and any 'scenes' they felt were important in 
demonstrating points documented in their workbooks (Gayer et al 1999). 
10.2.3. The workshop 
The workshop took place in an international conference centre on Loughborough University 
campus. Two video recorders were set up to record all sessions as a memory aid for the 
researcher. To frame discussions about the packaging a set of packaging criteria was developed 
by the researcher and the AF design manager (Table 10-1). 
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Table 10-1: Packaging features to consider 
Feature Description 
Size The height, width and depth of the pack 
Weight How much food you want in the pack 
Balance and stability How the pack stands up and tips over 
Shape 
Footprint 
Usability / ease of use 
Opening 
Closing / resealing 
Pouring / Removal 
Holding 
The overall shape of the pack 
The size and shape of the base of the pack 
How easy the pack is to use 
How the pack is opened 
How the pack is closed or sealed if needed 
How to pour / remove the contents from the pack 
How and where to hold the pack 
Grip How and where to hold the pack 
Heat proofing How to protect your hands from heat after cooking 
Instructions How to make the instructions clear / intuitive 
Storing How to store the pack at home 
Disposal How to dispose of the pack after use 
10.2.4. Data Collection 
Raw qualitative data were collected from the workshop in the form of notes and sketches in the 
user workbooks, comments from the groups discussions (transcribed from video footage); notes 
and sketches made during the designing session; and from the physical models produced in the 
making session. Data were collected from AF personnel through an open-ended email 
questionnaire and a semi-structured interview. 
10.2.5. Workshop Procedure 
The workshop day was structured into four sessions, each broken up by a refreshment break. 
Participants completed their workbooks up to a week prior to attending the workshop as 
described in section 10.2.2. 
Session 1: Introduction and group discussion 
The researcher gave a welcome presentation to explain the purposes of the workshop, and 
provided participants with name badges. They then signed a consent form, agreeing to 
participate (Appendix 6-4). Using the workbooks as a structure, the researcher asked for the 
participants' responses to the questions. The discussion took the form of a focus group, and was 
sufficiently free-flowing to allow new points of interest to be discussed. The guidelines for 
conducting focus group discussions in Langford and McDonagh (2003) were followed. A member 
of AF staff transcribed key points on a flip chart. 
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Session 2: Co-designing: Drawing 
In order to encourage broad discussion participants were grouped together around tables In 
groups of three or four in pre-decided seating arrangements, to ensure a mix of age, gender, 
dextral ability and experience of cooking for children. Using the packaging feature criteria 
Identified In section 10.2.3 as prompts, and the findings from the workbooks, participants were 
asked to design their own Improved version of the packaging. Blank sheets of A4 paper were 
provided on which to write notes and sketch ideas, using a variety of drawing, colouring and 
writing materials. These blank sheets allowed participants to produce 'free theme' sketches 
(Tovey and Dekker 1996), which reduced the need for geometric accuracy. Participants were 
encouraged to discuss their ideas within their groups. Samples of existing packaging (not 
specifically flexibles) were available on each table as prompts for discussion and inspiration. 
Participants were not told to design under a specific brand, as it was believed that more 
innovative ideas would emerge 'without any brand baggage to act as a template against which to 
fit new thoughts' (Spenser and Wells 2002). 
Session 3: Co-designing: Modelling 
In this session, the researcher explained how participants' packaging ideas could be quickly 
prototyped, using a range of basic modelling materials. Participants were then encouraged to 
make a model of their design using basic modelling materials, e. g. paper, card, sticky labels 
joining methods (such as glue, tape, blutac, pins, staples), drawing materials and coloured pens 
and pencils and cutting implements (such as scissors and small craft knives). A special type of 
plastic coated paper which could be heat sealed using a portable heat sealer simulated the types 
of seams found on existing flexible pouches. Participants were encouraged to be resourceful and 
to use whatever materials they had to hand to communicate their design. They were then left to 
make their Improved packaging (Figure 10-2). The researcher and two members of AF staff were 
available during the modelling session, to answer questions, and talk with participants about their 
designs. A microwave was also available for participants to check the size of their packs (Figure 
10-3). 
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Figure 10-2: Making packaging prototypes 
Figure 10-3: Testing the fit of designed packs in the microwave 
Session 4: Presentation 
In this session, participants returned to the group discussion area and presented their concept 
back to the rest of the group, explaining the key features. The rest of the group was able to 
critique the designs and to ask questions. In the final fifteen minutes, the participants filled out a 
feedback form (Appendix 6-5), were thanked for their time, and provided their payment details. 
Following the workshop 
Following the workshop, the researcher presented an overview of the main findings at a meeting 
with ten AF personnel in Amsterdam. Afterwards, an email questionnaire was distributed to 
obtain feedback on the research (Appendix 6-6). A more detailed in-depth interview was 
conducted with the design manager in person, using the same questions. 
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10.2.6. Data Analysis 
Previous experience and perceptions of the packaging 
The responses to the questions in the workbooks were tabulated and then the frequencies by 
which certain opinions were expressed were counted to produce percentages. Discussions from 
Session 1 (Section 10.2.5) were transcribed verbatim and to represent the richness of the results, 
a naturalistic approach was taken (Erlandson et al 1993). Quotations from the discussion have 
been included with the results from the workbooks to illustrate interesting points. Participants' 
photographs were also included where they demonstrated a comment. 
Design ideas and prototypes 
Drawing upon experience from the previous study, it was unlikely that the concept model would 
communicate all the features the way the users intended. Detailed documentation of each 
concept was therefore made by triangulation of the different communication methods, i. e. the 
models themselves, the notes and sketches and the verbal presentations. Content analysis 
(Section 5.7) was used to analyse the frequency by which product features were identified 
through the different communication methods, and gave an indication of which product features 
overall were considered to be most important. To analyse the frequency that particular features 
were addressed, the packaging feature criteria (Section 10.2.3) used by participants during 
designing was used as the set of clearly defined categories necessary for content analysis, as 
recommended by Ball and Smith (1992). The transcriptions of the verbal descriptions, and the 
sketches and notes were analysed and coded each time a feature was mentioned. A count of `1' 
was given to a feature if it was communicated through a physical model. The coding strategy is 
in Appendix 6-10. To look for the reasons why features were described, the verbal discussions 
were also watched on the video for any interesting body language. 
Feedback questionnaires 
Feedback questionnaires (Appendix 6-5 and 6-6) completed by the users and by AF personnel 
were analysed in the same way as the user workbooks, by identifying themes and trends. 
10.3. Resultant data and design outcomes 
This section presents purely the data and the resultant design outcomes generated from the 
workshop. The results which are of greater importance to this study; the opinions and 
experiences of the stakeholders involved, are presented separately in Section 10.4. 
Sample 
There were 35 responses to the advertisement: out of these, participants who never used a 
microwave oven, and participants who stated that they never experienced any problems with 
packaging were screened out. Table 10-2 shows the final sample (n=10): 
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Table 10-2: Final participant sample (n=10) 
Participant 
No. Age Gender Occupation 
Cooksfor 
children 
Dexterity 
problem 
01 27 F Researcher 
02 58 F Administrator 
03 47 M Computer-technician 
04 39 F Mature student " 
05 80 M Retired " 
06 41 F Lecturer " 
07 24 M Student 
08 32 M IT support specialist " 
09 31 F Library assistant " 
10 41 M Student " 
10.3.1. Experiences and perceptions of microwaveable flexible packaging 
The workbooks were successful In immersing the participants in the product area and provided 
valuable feedback about the packaging for AF. However, this case study is concerned 
predominantly with the process of co-designing (rather than the specifics of microwaveable 
flexible packagng), therefore, only a brief summary of data from the immersion process is 
presented here. The full analysis appears in Appendix 6-9. 
Eight participants used the disposable camera provided, with disappointing results. Out of nearly 
200 photographs, less than 10% were good enough to be used. There were problems with 
photographs being too dark, too light, out of focus, and the relevance difficult to interpret. Two 
participants chose to use their own digital camera to take photographs. These photographs were 
more successful - presumably because the participants could check their pictures. One 
participant emailed his photographs, and the other printed his out in colour and brought them to 
the workshop. A possible reason for the lack of good photographs could be that it is difficult for 
participants living alone to take photographs of themselves. Clearly, a debrief explaining the 
relevance of the photographs taken is needed. 
All participants sketched a plan of their kitchen layout in the workbooks. Kitchen layout was found 
to be awkward for microwave cooking by 40% of participants, as illustrated in Figure 10-4. 
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Figure 10-4: Awkward positioning of microwave, photographed by participants 09 and 07 
Previous use and perceptions 
The majority of participants had bought food (mainly rice) in flexible pouches before. Of these, 
half had heated the pouch in the microwave. Table 10-3 summarises the main positive and 
negative perceptions of the packaging before cooking. 
Table 10-3: Positive and negative perceptions of the packaging 
Positive perceptions Negative perceptions 
" dearly printed instructions; Fear of being burnt due to the heat of the 
" Colourful packaging; packaging and steam; 
" No need for extra utensils and pans ; Handling and serving of the food due to heat; 
" Easy to store; Stability of the packet during cooking; 
" Minimal waste packaging; " Need to use scissors to open; 
" Sturdiness, rigidity and stiffness; Fear of the contents spilling; 
" Ease of use; Potential damage to the pack in transit and 
" Convenience and quickness; storage; 
" Minimal mess. " Danger of over-filled soup pouches; 
" Tactility; " Pack becoming floppy when hot; 
" 'Fresh' look; Doubt whether the pack is environmentally 
" Recydability; friendly; 
" Light weight " Slipperiness of the packet when using oven 
" Tear strip for opening. gloves; 
" Instructions not large enough for visually 
impaired people; 
" Cost. 
Main problems using the packaging 
The main problem themes identified by participants after using the packaging were opening; 
heat; size and fear. It was therefore these areas that were selected for participants to focus on 
improving with their own designs: 
Opening - Difficulties in tearing opening the packaging were discussed, e. g. 
"for some reason I 
tore one side, and to complete the tear I tore from the other side, and then had to cut the middle 
bit"and likewise '7 read the instructions and it said open the packet 20mm. An then I saw fwn 
little notches on the sides and thought they meant 20mm from the top and right across .. . 
So 1 
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thought they must mean 20mm all along when I saw the two notches so I did that and before I 
knew what happened it had ripped all the way across" Simply cutting comers off was 
suggested as being the most simple option, indicating how designers can design packaging which 
is overly confusing, and shows how users may reject fancy opening features in favour of basic 
cutting. The opening method also affected the heat of the steam when opening and serving, e. g. 
"I liked to see the fact that the paaret had a little nick out so you can taar it easier across the 
top, although I did have a problem with that whereby I tore it a bit and forgot which side Id 
actually opened and then when I was removing it from the microwave I actually burnt myself on 
the escaping steam - well, not badly! " 
Heat - Half of the participants reported problems concerning the heat of the pack after cooking. 
Three participants described using a tea towel or oven glove to protect their hands, but this made 
the pack as difficult to handle. The participant in Figure 10-5 likened the experience of wearing 
oven gloves to being "... /ike working in a radioactive celL. you cant fee/ anything'. Holding 
positions for the pack when removing it from the microwave and serving were discussed. It was 
evident that participants held the packs around the sealed edges on the sides and base of the 
pouch and at the comers, which were not in contact with the hot product (Figure 10-6). 
Figure 10-5: Using an oven glove to hold the packaging, taken by participant 02 
Figure 10-6: Holding packs at the edges, (participant 10) 
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Size - Participants identified that one of the soup packets was too tall for standard sized 
microwaves. (Figure 10-7). Solutions were to fold the top over. One participant was afraid the 
contents would explode everywhere if it was too open, and another described how the pouch 
scraped on the roof and made the base plate rattle. Another participant left the top of the pouch, 
but commented that the steam condensed on the roof of the microwave and dripped hot water 
on his hand when he removed the pouch. This is an interesting example of how designs can 
make it all the way into production and retail, with limited user testing. 
Figure 10-7: Problems with the height of the pouch, taken by participants 02 and 05 
Fear - many of the participants' comments referred to feeling fear when using the product. For 
example, a crackling noise during cooking was described as being "quite scaly actually", and "I 
was anticipating pain when I got the soup out"; and 7 was expecting to get splashed or sloshed 
orsomething' Concern was expressed during the discussion about allowing children to cook in 
this way: "whereas I would allow them to cook a can of beans and open the can, I think tere s 
more control with a hob because you can tum the heat down. Whereas th/s [pouch] is cold, and 
suddenly hot, and for a child, that's difficu/r Perception of fear is an important issue for 
designers, as if products look like they will be scary to use, this will put users off from even trying 
them. 
Design directions 
Despite the problems identified, the packs were found to be sturdier during cooking than 
expected. The fact that the pack performed better than expected showed that the problem was 
not with the performance of the pack, but with consumers' perceptions of how they thought it 
would perform. This indicated that one design challenge would be to improve the perception of 
the pack's stability. Heat proofing and the opening method of the pack were also other key area 
to address. Participants suggested the following design improvements: 
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" Heat proofing -a reflective inner surface; a separate steam vent; a microporous cooking 
vent; heat resistant areas; 
" Holding - handle; finger hole to aid carrying; textured areas for grip; plastic holster into 
which the packets are placed to give stability and ease of handling; 
" Opening - accessibility without requiring utensils; intuitive opening through scissor 
symbols. 
10.3.2. Packaging concepts 
Participants are referred to by their identification number, as presented in Table 10-2. Nine out 
of the ten participants used some form of sketching to describe their ideas for future packaging. 
Just one participant (02) chose to produce a written description of her packaging ideas. 
Interestingly, the researcher had helped this participant to start drawing her design based on her 
verbal description, but she did not submit this sheet. She was clearly uncomfortable with the 
drawing process, and even with a drawing started for her; she did not have the confidence to add 
to it, instead preferring to write a description. Figure 10-8 shows a comparison between 
participant 06, who sketched their ideas and the participant who only wrote her ideas. Four 
participants used colour on their sketch sheets. Three participants used a combination of 3D and 
2D sketching, four participants used only 3D sketching and two participants used only 2D 
sketching. 
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In total, nine concepts were produced (Figure 10-9). Participants 01 and 04 decided to work 
together and created a joint design although they produced individual design sheets. They made 
a prototype to test the general idea before making their final model. Participant 07 produced two 
different variations of his design. Each packaging concept appears in Appendix 5-8, with a 
description of the features, and the source of the description (i. e. from the sketches, the model or 
through verbal description). It was apparent that participants were not consistent in 
communicating features through their notes and sketches, models and verbal descriptions. 
Figure 10-9: Nine concepts for packaging ideas 
During the analysis of the participant's material, it became evident that the packaging feature 
criteria list (Section 10.2.3. ) was incomplete. Therefore, from the analysis, five new features 
(Table 10-4) were added to the original feature checklist (Table 10-1). 
Table 10-4: Packaging features added during analysis 
Feature Description 
Aesthetic appearance The appearance of the pack in terms of colour, graphics and images 
Braille Text for visually impaired users 
Safety How safe the pack is 
Free features Free features given away with the pack 
Performance How the pack material performed during cooking (e. g. becoming floppy) 
The concept counts were performed as described in section 10.2.6. The concept counts for the 
sketch sheets; models and verbal description are in Appendix 6-11. 
Table 10-5 is an overall summary of the concept counts in rank order from all three methods of 
communication. The three properties of grip, heat proofing and holding received the most 
concept counts from the participants' sketches, models and verbal descriptions. 'Holding' 
received the most counts from the verbal description, whereas 'grip' and 'heat proofing' both 
received the most concept counts from the sketches. It is of interest that'usability' received no 
counts from any of the models as there was no clear way of defining how this was communicated 
- usability was considered to be made up of other properties, e. g. holding, heatproofing. 
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Table 10-5: Summary of concept counts in rank order 
TOTAL COUNTS 
Rank Feature Sketches Models Verbal TOTAL 
1 Grip 23 9 13 45 
2 Heat proofing 23 9 12 44 
3 Holding 15 9 16 40 
4 Shape 19 9 11 39 
5 Pouring / removal 14 8 12 34 
- Balance and stability 20 9 5 34 
7 Opening 15 8 10 33 
8 Footprint 16 9 7 32 
- Instructions 16 5 11 32 
10 Aesthetic appearance 16 5 5 26 
11 Size 13 9 3 25 
12 Usability 5 0 13 18 
13 Free features 4 4 6 16 
14 Disposal 8 2 4 14 
15 Storing 9 0 4 13 
16 Braille 3 2 6 11 
17 Safety 5 2 3 10 
18 posing / resealing 5 0 3 8 
19 Weight 5 0 2 7 
- Performance 6 0 1 7 
Additionally, a relational analysis was conducted from the sketch sheets to illustrate which 
features were considered together, and could therefore be considered to directly affect each 
other (Appendix 6-12). The analysis was conducted by counting the frequency that features were 
mentioned together. For example, in the sentence "large foolprintforstability, footprint and 
stability would receive a concept count of 1. The strongest relationships which emerged from the 
analysis are tabulated in Table 10-6. The participants considered the stability and balance of the 
pack, together with the pack's footprint, and likewise, they considered the pouring / removal 
method to be affected by the grip of the pack. Heat proofing was influenced most by opening 
and grip. 
Table 10-6: Relational analysis of concept counts 
Related features Counts 
Footprint + Balance / Stability 6 
Grip + Pour/ Remove 6 
Footprint + Size 5 
Storing + Shape 5 
Shape + Balance / Stability 5 
Heatproofing + Opening 5 
Heatproofing + Grip 5 
Aesthetics + Instructions 5 
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Clear user-led design criteria emerged from the co-designing activity, many of which are useful 
for the packaging company to facilitate good practice in inclusive design. For example, a shorter, 
wider pack for stability; non-slip features for grip; finger holes and handles for holding; intuitive 
handling for left or right handed users; dear tear opening; colour coded hot/cool areas; good 
contrast, large print and Braille for instructions; and easy stacking for storing. 
10.4. Results: the value of co-designing for the stakeholders 
This section contains the results most relevant to addressing the aim of the study; to explore co- 
designing in a commercial setting from the points of view of the stakeholders involved. For a 
reflection on these results in the context of existing co-design literature, refer to the discussion in 
Section 10.5.1. 
10.4.1. User feedback 
Nine out of the ten participants submitted their answers to the feedback questions (Appendix 6- 
4). All of the participants who responded stated that they enjoyed taking part In the workshop, 
e. g.: "very f endly and goad fun': "Very well organised. ' Thanks for the opportunity to 
partiapate! " Three positive comments referred to the variety of ideas that were developed as a 
result of working in a group, e. g. Mme passed quickly and was planned and structured. I was 
amazed at the different ideas; "The variety of people led to a discussion of multifaceted ideas 
and covered many angles that as an individua/I would havre missed; "Able to execute and 
discuss Ideas, practical outcome of the day': Following the workshop, some participants offered 
feedback via email, indicating that they had found the day interesting and enjoyable, e. g. "I really 
enjoyed the workshop yesterday, it's the first thing of this kind I've ever piartiäpated in, and it's 
left me wishing that there were more things like this taking paart on campus. Thanks again for 
choosing me to be one ofyourpartid/aants' Encouragingly, this showed that users feel valued 
by being Invited to co-design, and the activity is enjoyable and productive if groups of users are 
able to discuss Ideas (building upon the findings of Chapter 9). 
Suggestions for future workshops were: "royalties payable to those who come up with viable 
ideas-, "a warm-up activity to intmduae names ; "an evaluation session on existing prototype 
designs and more sbvctured prob/em solving to hniques"and "more time to put together the 
model and formulate a few more ideas". One participant commented, "Id like to think that at 
least one or two of our ideas are built Into the design of the future" This indicated that 
participants felt that the activity was genuinely useful, and may feed into future products. It is 
quite likely that the AF presence at the workshop gave the workshop a corporate feel, and the 
fact that a company was paying for the research made the participants feel valued. 
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10.4.2. Amcor Flexible's feedback 
Responses from five AF personnel were obtained. Four responses (out of a possible ten) were 
from returned email questionnaires following the presentation of results in Amsterdam, and one 
response was an in-depth interview with the design manager in the UK. A description of the 
respondents is given in Table 10-7. 
Table 10-7: AF feedback respondents and their job roles 
Respondent ]ob position at AF Description of Role Country 
worked in 
01* Design Manager Designing and managing packaging concepts UK 
through making mock-ups, artwork, CAD and 
sketches. 
02* Group Inform and develop Issues which affect AF UK 
Communications and internally; bring the sites into line with the 
Marketing Assistant corporate identity and the development and 
building of innovation tools; work with the 
innovation and design team brainstorming ideas 
for corporate clients and developing 
differentiating marketing campaigns. 
03 International Key Sales co-ordination as well as direct sales Global 
Account Manager activities in the area of Tobacco products (but 
not cigarettes) and co-ordination of a key 
account with a major FMCG dient. 
04 Market Executive Managing the day to day running of accounts UK 
within the Processed Foods sector, and 
optimising new opportunities with existing and 
new customers. 
05 Financial Controller Financial Management of the business unit. UK 
NB. *attended the packaging workshop 
Refer to Appendix 6-6 for the questions asked. The main findings, themes and trends are 
presented below. 
Knowledge gained about flexible packaging 
When asked what was learnt from the research, there was a mixed response. The design 
manager explained how no one had ever really told them what consumers think about flexible 
packaging. Their clients had said that flexible packaging was not right for some of their 
traditional products, but when pressed about it, the customers could not explain why. In the 
design manager's opinion, their client's research had been superficial, and did not consider 
people's emotions such as trust and confidence in the packaging. The researcher suggested that 
the reason for this was that it was market research with a larger sample, and the participants 
were only shown drawings of potential packaging ideas for their opinions. It was not known if 
they were able to suggest improvements. The design manager thought that the co-designing 
workshop offered a more focused and in-depth analysis from people who knew they were there 
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to give their impressions of flexible packaging. Reasons why people like things were sought, 
rather than just stating that they do or do not, as the client's research had done. 
The design manager, the international key account manager and the financial controller stated 
that they all learned new things about what consumers think about flexible packaging. These 
included the realisation that consumers can feel quite vehemently about certain issues to do with 
packaging; the impression that consumers have a predetermined view of flexible packaging, and 
the acknowledgement that AF must dispel these views in order for consumers to feel safer. It 
was also acknowledged that although packaging companies can make great packs, they can often 
lose sight of what the purpose of the pack is e. g. with some packs being too big for a microwave. 
The same respondents also learnt that the size, feel and dimensions of the pack were important, 
and thought that consumers appeared to be very receptive and proactive in coming up with new 
ideas. The design manager described the danger of just relying on assumptions about users, and 
thought that the good thing about the research was that it provided more than one channel of 
feedback, i. e. drawings, models and verbal communication. 
The key account manager and the market executive thought that the research confirmed what 
they already knew. One stated 'Yn many ways it clarified what jr think consumers already know ; 
revealing that this respondent made the mistake of only thinking they know what users know, 
rather then actually knowing what they know. Interestingly, the other respondent stated, 'Yn 
my opinion, it is more important to find out what our customers think of the approach and the 
outcome': This highlights that the respondent was more interested in presenting the methods 
used to obtain the results, rather than the results themselves, believing that it was the novelty of 
the co-designing methods which might impress AF's customers (clients). 
Perceived value of the research to the company 
In total, twenty positive statements were made regarding the value of the research. The 
following positive themes emerged: 
" Inclusivity - Involvement of a wide range of age groups and users with physical 
limitations, and learning that age was not a barrier for microwave cooking (3 
respondents). It was encouraging that they saw the value in involving a range of users, 
and that some of their pre-conceptions about older users were challenged. 
" Pre-conceptions and previous experience - The value of the research in 
understanding the preconceived ideas that users have about flexible packaging (2 
respondents). The design manager described how the users had surprised him by 
prioritising functions from their experiences. For example, the way people discussed how 
they would approach picking up a hot pack. He felt that users' prior perceptions of the 
packaging were based upon previous experiences of similar products e. g. boil-in-the-bag. 
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Desirable packaging features - It was encouraging that the users' ideas were "in the 
same ba//park vas AF's innovation developments (2 respondents). The models allowed AF 
personnel to see what was considered a good pack and which criteria were important to 
users. The design manager described how some of the concepts had been very insightful, 
particularly in the area of re-using brand loyalty, and providing "free, give-away" products, 
such as spoons and stirrers which also help the stability of the pack. 
Research method - The method of the research in gaining users' experiences and 
information from their home through the use of workbooks and cameras, and the 
workshop itself was well structured, thought out and prepared (2 respondents). 
In total, twelve negative statements were made regarding the value of the research. The 
following negative themes emerged: 
" Limitations- The sample of 10 was considered too small (2 respondents); the research 
took too much of a regional approach; and one very small (albeit growing) segment 
researched. This indicates that the AF personnel expected a lot from just one piece of 
research, which was only given a small remit from the start, in terms of sample, market 
and product. 
" Outcome - One respondent thought that the time spent on the research did not seem in 
balance with the outcome; no real novelties came out of the research. The researcher 
considers the research to have been conducted quickly (6 weeks from initial talks, to 
conducting the workshop). The researcher also contests the criticism that `no novelties' 
came out of the research, as many of the ideas were different to existing packaging. The 
AF respondent appeared to expect to great deal from users. 
" Criticisms of users' views - consumers seem to get obsessed by one view; users' 
preconceptions about some elements of packaging (e. g. plastic taint to food) are myths. 
Interestingly, as AF did not agree with some of the users' views, they saw this negatively, 
rather than as valuable information about which features of the packaging they need to 
work on to improve customer perceptions. 
" Photographs - The design manager agreed with the researcher that the photographs 
taken by the participants were disappointing. He thought that it was a good idea, but 
perhaps it had been wrongly assumed that users would know how to take photographs. 
He offered advice in suggesting that instructions could have been provided in the pack 
given to users, on how to and what to take photographs of. 
The design manager offered feedback from his colleagues, to whom he had presented the 
research himself. It emerged that they also had very high expectations from the users involved 
in the workshop. The response from people with a very tuned sense of manufacturing had 
(perhaps rather unfairly) been "Great, but can you make it? Did they[usersJrealise you can't 
make it? Did you realise that you'd never be able to fi// that on their [the client's] line? " 
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Fortunately, the design manager counter-argued this point by pointing out that this kind of 
exercise was about generating ideas for features, rather than coming up with a final product. As 
he explained to his colleagues, who criticised the manufacturability of the Ideas: 
"But as soon as you Introduce limitations like that [manufacturing] you are suddenly 
going straight back to the problem where we are dying to move away from of drawing 
the market through technology. And this exerase isn? about that. Currently we're 
causing Issues in terms of confidence and consumer dust - so it's about 'what will 
consumers dust? ' Not 'what can we make? ' I think as soon as Mat point was made [to 
colleagues], it was like, yep, I can see where youre coming fmm` 
The design manager's colleagues suggested that in future workshops, the users should be 
educated about how flexible packaging is made. They suggested that AF specialists could do a 
presentation, or show a video which shows the volume and frequency that the packs are made in 
- to stress the point that the packs are disposable items. Rather unjustly, it was felt that the 
participants did not fully pick up this in the workshop. They had not been told to design 
disposable packs, but to identify whether or not they expected the packs to be disposable. More 
company Involvement was also seen as an a benefit to the researcher, who suggested that it may 
help AF personnel, e. g. manufacturing, to experience the richness of user feedback first hand, 
rather than it being edited and diluted. The design manager agreed with this: "they'd benefit, 
but they could also think of ways to make it and it could spark off an idea for so/v/ng a prob/em 
or creating a new design". 
The design manager also described how although the models made by the participants were good 
considering the limited materials they had available, the verbal descriptions they gave did not 
match the 3D forms and drawings produced. He suggested that a designer could spend five 
minutes per person drawing out their design as they verbally described it. The researcher had 
actually done this with one participant who had difficulty drawing her design. This strategy would 
be worthy of further investigation. 
All respondents thought that the findings of the research would be implemented into further work 
at AF, although the key account manager felt that it would depend upon acceptance by AF's 
customers. He felt confident however, that it will "wet some apaetrte ; indicating that co- 
designing can be seen as a marketing tool, with the novelty of the research methodology being 
used to attract and impress future and existing clients. Two respondents thought that the 
knowledge was already being implemented. 
The majority of the respondents stated that they would like to see AF using more of this type of 
research in the future. The key account manager was more reserved; preferring to judge it after 
the outcome of the first study has been used as a trial case. He recommended presenting the 
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current outcome to at least three potential customers and making the judgement after the 
evaluation of the results. Encouragingly, he said he would be surprised if no interest was shown. 
However, due to a current restructuring of the company, he admitted that this would not take 
high priority. 
Perceived value of the research to individuals 
Four out of the five respondents admitted that the research would be valuable and useful for their 
particular jobs. Those in marketing and design functions were most enthusiastic about the 
research being useful, e. g. "I think the findings resu/bng hnm the groups will a//ow me to offer 
informed opinions developed from consumer feedback and allow us to develop more direct 
marketing campaigns, designs and graphics" Another thought that it added credibility to the 
selection of product attributes, if they could be backed-up by official consumer research. The key 
account manager felt that the research was more of a tool to motivate the sales force by bringing 
the issue of microwaveable packaging back to the attention of AF's clients. He also thought that 
the research being conducted by a non-AF company would result in more attention from potential 
clients. The financial controller felt that the findings would not directly be useful in his particular 
job, however he did admit that it was vital for AF to undertake the research, especially in 
developed markets selling commodity items. Interestingly, the design manager pointed out that 
if AF sells many packs because of the results of the research, then it would Impact on jobs in 
finance! 
Evidence of value to the company 
The findings of the research were very valuable to AF, so they decided to take some of the ideas 
further, and present them to a major dient as potential packaging solutions for relaunching 
existing traditionally packaged products. As no individual concept was suitable on its own and 
manufacturability had not been considered, further analysis of the designs was needed to 
determine which features would be suitable for extracting and developing further. In an informal 
meeting between the researcher and the design manager, the concepts were examined in more 
detail and key features were drawn out as being suitable for further development. Table 10-8 
shows the evaluation of the participants' concepts by the AF design manager from a commercial 
perspective. Comments have been divided into positive and negative. Similar concepts were 
grouped and discussed together. 
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Table 10-8: Design Manager's evaluation of packaging concepts 
Concept Good Features (+) 
" Can be displayed on either side; 
" Use of all sides for displaying 
information; 
" Pull-off top section; 
" Ideal for two-handed use; 
" Great dynamic pads; 
" Pouring grip feels very secure. 
" Handle; 
" Features associated with a rigid 
pouring vessel e. g. a handle and 
spout. 
concerns (-) 
" Too tall to eat from; 
" Free spoons would need to be 
inside or underneath; 
" Manufacturable, but would need 
investrnent into new ways of 
doing it; 
" Retailers need to know which 
way it can be stacked on the 
shelf. 
Pouring properties are not 
communicated; 
Based it on a Tetrapak - not 
seen the potential of the 
flee ibility of the plastic; 
Removing the top would lose the 
pack's stability. 
A brilliant engineered solution, 
very precise; 
Good handle; 
Uke Idea of picking up pack from 
the top; 
Can be manufactured. 
A spout that would easily rest on 
the edge of a bowl; 
Easy to retail; 
Nice small portion. 
Not sure how it would be filled. 
Cup is a nice idea. 
The entire top of the pack opens 
up- good for spooning; 
Clear window which shows the 
food. 
" Very dynamic shape; 
Very well made model; 
Would make an attractive 
proposition for somebody. 
" Has perceived orientation well. 
Do not like the overhanging side 
bit as it looks like an untidy 
piece of plastic that people 
wouldn't associate with. 
Do not like the handle -a better 
idea would be to grip the sides 
of the pack. 
Would have to look into how it 
could be retailed; 
Unresolved how to pour the 
product out. 
" Tends to fall over; 
Not sure about loop. 
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Following the discussion between the design manager and the researcher, it was decided to 
develop three concept directions demonstrating good practice in inclusive design: 
1. A triangular shaped pack, which would be shallow enough to'snack' from and be suitable 
for solid foods such as rice and pasta. 
2. A pouch similar to the original pouch design for liquid foods such as soup or beans, but with 
improved handling and pouring features. 
3. A shallow 'pot' style pack suitable for microwaving vegetables, incorporating textured cool 
handling areas. 
The researcher produced sketches for three new concept directions based upon the findings of 
the research (Figures 10-10; 10-11; 10-12). The design manager digitally added colour to some 
of the sketches and produced CAD renderings based on the designs, and rough prototypes. The 
author then presented these with the design manager to a major customer of AF's during a 
meeting at the customer's site. 
bIM' 
Mb ýWt4 ºa ý 
aw uus V ý+wý 
yY^ Mý 
4 
0' e,,, '-ý- eýaaýwr+ouarw 
E-_ 
bTbP bpwb 
mol bW blWp 
IYrilvi le X44 bawOr ýib> 
ý. 
sra4 ^+ýavº 
ý. ww Aýrr r 
ý awrrawý. ýb. arar 
" 
Sblrb ýYlýýlilýýrTr 
rsY 
IOB'/1 PI111E ]Y01 
Figure 10-10: Concept sketches for snack packaging 
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Following the presentation of the research and concept directions, at the time of writing this 
thesis, the ideas were being taken further for input into future flexible packaging products. The 
dient took the findings and ideas to their business in the U. S. Considerable interest was also 
shown in organising similar co-designing workshops to provide further opportunities (as 
highlighted by the design manager) for all members of the product development team to 
communicate and work with users firsthand. However, the company did not feel that they had 
sufficient expertise to organise and run such workshops themselves. They perceived it would not 
be cost-effective for them to spend time recruiting participants and preparing materials. This 
shows that although companies may be keen to embrace co-designing, there is some way to go 
before they feel confident to pursue the activity themselves. It is apparent that there is a training 
requirement, and maybe even an education requirement to equip design teams with the right 
skills and knowledge to conduct co-designing activities in their design processes. 
10.5. Discussion 
The aim of the case study was to explore the value of co-designing in a commercial setting from 
the points of view of the stakeholders involved, to feed into recommendations and guidelines for 
assisting design teams in involving users. Emphasis for further learning was also placed on the 
optimal use of product representations. In order to contextualise this study, where possible, the 
discussion reflects upon the findings in relation to the wider co-design literature. Co-designing 
examples such as this case study are not unique, therefore pertinent discussion focus primarily 
upon the views and experiences of stakeholders in co-designing, and secondly, upon the optimal 
use of product representations In co-designing. However, there are only limited examples 
available of similar studies, and even those such as Stone et al (2001) do not go into depth about 
the product representations used, or the dynamics of the co-designing sessions. This Indicates 
that published research into these methods Is still In its infancy, and thus further investigation 
Into these Issues is both timely and relevant. 
10.5.1. The value of co-designing for all stakeholders 
The company 
There is little literature available for comparison in this area. Informal and formal feedback from 
AF personnel, particularly from the design manager proved that the company gained from the 
research. Key evidence of this was that AF took the findings to one of their major customers - an 
international producer of FMCG In the foods sector, in a bid to secure more potential business. It 
was evident that employees who worked dosest with the project and those who attended the 
workshop saw the research in the most positive light, Indicating that co-designing is best 
experienced firsthand. Employees of AF working further away from the design side saw less 
value in the research, believing it only confirmed what they already knew. 
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Interestingly, the design team had high expectations of the users. For example, there was 
disappointment among some of the managers that no real 'novel' Ideas came out of the workshop 
and that only `concept directions' were generated for future packaging, rather than a final 
product. Also, some frustration was expressed (rather unfairly) that the users had little 
knowledge of the manufacturability of the packaging. They suggested that they would like to 
educate the users (co-designers) about how such packaging is made. Interestingly, Reich et al 
(1996) also thought that the role of customer participants in co-designing could be Improved by 
presenting customers with educational material in a highly usable format which explains the 
technical issues involved, and "bridges the gap" between customer's language and technical 
jargon. 
Interestingly, co-designing was seen as a marketing tool by some in the company, and as 
something that they thought they should be seen to be doing to give them competitive 
advantage. As described in Section 10.4.2, one manager in particular saw the value being less in 
the findings of the research, but in the methods and approaches used during the research. AF 
also admitted that they were keen to forge links with a leading UK university, as this gave more 
credibility to the research. The company did not consider doing research of this kind themselves 
and felt it would not be cost-effective for them to spend time recruiting participants and preparing 
materials. AF evidently did not feel that they had sufficient expertise to organise and run future 
workshops themselves, which is obviously a prime application for the guidelines generated from 
this research! Frustratingly at times during meetings and communication, AF referred to the 
research as `focus groups, which showed that they did not always appreciate that co-designing is 
essentially periods of design activity and employs a variety of techniques, which go further than 
group discussions. 
Clear, user-led design criteria emerged from the co-designing activity, many of which are useful 
for the packaging company to facilitate good practice in inclusive design. For example, a shorter, 
wider pack for stability; non-slip features for grip; finger holes and handles for holding; Intuitive 
handling for left or right handed users; clear tear opening; colour coded hot/cool areas; good 
contrast, large print and Braille for instructions; and easy stacking for storing. This drove the 
development of the three user-led concept directions which the design team are taking forward 
for input into future flexible packaging products (Section 10.4.2). 
Therefore, although companies may be keen to embrace co-designing, there is some way to go 
before they feel confident to pursue the activity themselves. Design teams clearly need some 
kind of training in to equip them with the right skills and knowledge to conduct co-designing 
activities in their own design processes. It is hoped that the guidelines produced as the outcome 
of this research will go someway to achieving this. 
240 
The company's client 
The research was presented to one of AF's key customers, an international producer of FMCG In 
the foods sector. No formal feedback was secured during the presentation due to time 
constraints, however there was sufficient evidence that the customer saw the potential value in 
the findings, the way they were collected and the concept directions. The customer organisation 
purchased the presentation of the research and took it to their business in the U. S. 
During the presentation in the customer organisation, the packaging managers and technologists 
were very interested in the way in which the research was conducted. They raised concern with 
the small sample size, and questioned how it fitted in with research conducted through their 
marketing department. They were however, keen to screen the three concept directions using 
1000 customers to get wider views. Although this might tell them which concept users preferred, 
it might not tell them why. At the time of writing this, negotiations were still underway between 
AF, Loughborough University and the customer organisation with regard to how to take the 
research further. As identified in Chapter 7, it is often down to the dient to request user 
involvement, so it is encouraging that the client in this case saw the value in the research. 
Users 
All of the users enjoyed taking part in the workshop, were very committed to the tasks and found 
the day worthwhile. Involving users In the design of packaging with such obvious usability 
problems appeared to give them a `voice' to have productive dialogue with members of the 
design team in a large organisation. This was also reported by Ciccantelli and Magidson (1993) 
and Sener (2004) who suggested that consumers can feel empowered if given the chance to 
become the designer, even if temporarily and hypothetically. The financial commitment to the 
research was obviously a factor In how participants valued the workshop. Interestingly, one 
participant asked if they would get royalties If any of their design Ideas resulted In being 
produced. This is elaborated upon in Section 10.5.5. 
The focus of the users in designing their models was very much on usability: content analysis 
revealed that the elements of grip, heat proofing, stability, shape and footprint were the most 
important features identified for this type of packaging. Users were keen to communicate their 
own experiences through their designs. For example, one 80 year old male with dexterity 
problems was very concerned about ways for him to remove the packet from the microwave; and 
a female who worked with partially sighted users, continually raised issues on behalf of these 
users. Interestingly, only one participant (a young female) was concerned with exploring more 
unusual shapes for the product (rather than concentrating on usability issues): this was received 
positively by the design team. 
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Researcher / academia 
From the researcher's point of view, conducting the research as a case study was very valuable. 
Firstly it confirmed many of the findings from the research in Chapter 9, and provided 
constructive insights, which had not been documented elsewhere in the literature. It also 
provided valuable clues regarding how co-designing can function in a commercial environment, 
thus addressing some of the concerns raised by designers in Chapter 7. Secondly, it raised 
important issues that had not been considered previously, e. g. the ownership of ideas. Thirdly, 
the research was successful in building a collaborative relationship between academia and a 
commercial organisation. Some drawbacks were experienced with working in a commercial 
environment however, in that time scales were often tight. 
10.5.2. Co-designing in practice 
Group working 
Interestingly, no examples have been found in the literature, which consider the similarity of 
ideas generated through group co-designing, so it is difficult to draw comparisons with this study. 
However, the notable evidence of collaboration within all three groups was also found in the 
group co-designing studies in Chapter 9. In the packaging study: 
" One group of three participants all produced variations on the existing pouch idea (Figure 
10-13). 
" Two participants In another group both produced designs based around a TetraPak'" idea 
(Figure 10-13). 
" In another group, two partidpants decided to work together on their design and produced 
one model, but separate sketch sheets. This was the first example of this way of working 
experienced by the researcher. The pair worked well together and noticeably produced 
their prototype quicker than anyone else. 
The study showed that even though not asked to work together, participants In this type of 
scenario automatically turn to their co-participants for inspiration. The level of collaboration 
depends on how well the participants got along; the degree of harmony in their ideas; and their 
ability to compromise. There were exceptions to group working however, as some participants 
chose to work entirely alone and produced very individual design ideas. It would be interesting to 
see if putting groups together in a different arrangement produces different ideas. 
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Variations on the original pouch idea by participants in the same group 
Variations on a Tetrapak"^' idea by participants in the same group 
Figure 10-13: Similarities in designs within groups. 
10.5.3. Limitations 
The sample 
The study was limited in that only one workshop could be conducted with ten participants, 
therefore a fully representative sample was not possible. However, case study samples are 
generally acknowledged not to be representative of the population, as discussed in Chapter 5. 
Purposive sampling was used to achieve the best possible sample in terms of age, experience and 
ability. Because of the time pressures involved, participants who had taken part in previous trials 
were recruited, and the convenience of recruiting through the university was exploited. The 
sample was criticised by some AF personnel as being too regional, but this is defendable as a 
narrow remit was provided to begin with, and future workshops are possible to validate findings. 
Despite the single workshop, several concept ideas were produced and taken forward into further 
design. This is evidence that co-designing can produce highly effective results. 
Group discussion 
It was found during the group discussion that participants tended to try and discuss the quality of 
the food instead of the packaging and needed steering `back on track'. This is often found during 
group discussions, and relies upon the skill of the facilitator to keep the discussion focussed 
(Bruseberg and McDonagh 2003). It was also evident that some participants were more 
overpowering than others and tended to monopolise the discussion. One participant in particular 
had very strong opinions about the requirements of packaging for visually impaired users, which 
on occasions overtook an interesting discussion on another subject. The researcher tried to keep 
the discussion on track when this occurred. If facilitating a group discussion as part of a co- 
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designing session, designers should be aware of the effects of dominating participants. It is 
recommended that they refer to guidelines, such as those in Langford and McDonagh (2003). 
The group discussion based on the contents of the workbooks flagged up some contradictions, 
e. g. a participant reported in the discussion that she saved some of the soup in a container in the 
fridge, but in her workbook, she said that she did not save any contents. Evidently, relying on 
memory is not always effective for all participants, so user diaries are a good way of documenting 
opinions and experiences (Gayer et al 1999). 
Workbooks 
The workbooks were effective in gathering a large amount of information from participants, which 
was useful for providing a starting point for designing without needing to spend a lot of time with 
individuals. This opinion differs to the views expressed by Gaver et al (1999) who in contrast, did 
not try to reach an objective view of users' needs through diaries and self-photographing, and 
instead sought "inspirational data" to stimulate the imagination rather than define a set of 
problems. Workbooks are dearly flexible enough to either provide objective data, or inspiration, 
and are therefore useful tools in co-designing. The open-ended questions used in this study 
allowed participants to write as much as they wished. A problem however, was that sometimes 
participants chose to write very little. In some cases, more structured questioning could have 
been more effective. If devising workbooks as part of co-designing activity, designers should give 
careful thought to the level of detail they want in answers, and whether they require information 
or inspiration. 
Self-Photographing 
The self-photographing was disappointing, despite the activity being reported very positively by 
Gayer et al (1999) and Mattelmaki and Battarbee (2002). In hindsight, and as suggested 
afterwards by the AF design manager, participants would have benefited from instructions on 
how to take photographs. Out of all the films developed, less than 10% of the photographs 
showed anything useful and were good enough to use. In many cases, it was unclear why the 
photograph was being taken or what it was supposed to be illustrating. It is recommended that 
guidance should be provided on how to take the required photographs. Also, a method of 
logging the photographs taken, with reasons why would be useful for designers analysing the 
research material. 
10.5.4. Facilitating co-designing through product representations 
The product representations used in this case study were selected for their 'cheapness' and 
'quickness, as explained in Section 10.1. It was not practical to use computer-based methods for 
co-designing, and the nature of the product was unsuitable for prototyping using conventional 
'rapid' methods. Computer-based images however, were brought into the process at a later 
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stage, and had the co-designing exercise gone further, these representations would have been 
presented back to users to show aesthetic aspects, with physical prototypes to test usability. 
Evidence from this case study showed that users can effectively communicate their requirements 
for product features through a combination of written notes and sketches and models. However, 
the analysis revealed that there can be discrepancies between what participants sketch, what 
they make and what they verbally describe. This has important implications for designers 
practicing co-designing, and it is recommended that more than one channel of communication 
should be used to explore users' Ideas and perceptions. 
Sketching 
It was promising to note that nearly all of the ten participants attempted to draw their packaging 
Ideas, using a combination of 2D and 3D sketching and nearly half using colour. It had been 
thought that participants may be daunted with the task of sketching their ideas onto blank sheets 
of paper. As participants were not designing part of an existing product (as in the study In 
Chapter 9) but were creating a new product from scratch, blank sheets were considered to be the 
best option to facilitate 'free-theme' sketches (Tovey and Dekker 1996) and maximum design 
freedom. The set of product features provided the structure for approaching the design exercise. 
This is perhaps why In most cases there was more writing than drawing on the sketch sheets. 
The preferred way of working appeared to be to take each of the packaging features (Table 10-1) 
and to write a sentence describing how their pack addressed that feature. It is possible that by 
structuring the design problem through a written list may have caused participants to present 
their solution in words. It would be interesting to see if by presenting the design features 
pictorially (e. g. by pointing to the features on a picture of the existing packaging), this 
encourages participants to respond by drawing, instead of writing a solution. 
Model making 
The range of packaging shapes produced by the workshop participants was impressive, 
considering the time and materials available to make the models. The hand-made models 
provided insights Into what participants wanted from flexible microwaveable packaging in terms 
of where to hold, methods of heat proofing, and the addition of `free' features such as spoons 
and stirrers. Participants were resourceful In locating materials to improvise parts, e. g. one 
participant went to the conference centre bar to locate a drinks stirrer, which she attached to her 
model as a `spoon'. 
During the model making sessions, participants noticeably became more animated and excited, as 
in the co-designing studies in Chapter 9. Participants tended to move about the room more. 
Participants' model making methods were interesting: two participants who worked on a design 
together were so keen to begin model making that they started during the drawing session. Most 
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participants however were a little slower in beginning the modelling. As was found in Chapter 9, 
less confident participants tended to wait for the more confident participants to begin modelling, 
before they attempted their own. 
Due to the nature of the modelling materials used, all of the models were extremely fragile, so to 
preserve them in so far as possible, each model was photographed from every angle immediately 
after the workshop. Unfortunately, these models do not have longevity as with handling, they 
become more creased. It is recommended that any models produced by users are photographed 
to serve as a more lasting representation, should the physical models be damaged. 
Communicating ideas through combinations of PRs 
A useful outcome of using both sketches and hand made models was that it gave users who were 
uncomfortable with speaking in front of other people the opportunity to express their ideas in 
another way. One participant was particularly quiet throughout the workshop, and was obviously 
quite shy about speaking In a group situation. This was probably not helped by the fact that 
some of the group members were very vocal and tended to try and monopolise the discussion. 
Despite the participant's shyness however, the design she produced was greeted with the most 
enthusiasm by the AF design manager. The workshop certainly highlighted the fact that the 
participants with the most to say do not necessarily focus well on the task, as can be found In 
focus groups (Langford and McDonagh 2003). In fact, the most vocal participant was unable to 
produce any drawings and her model was considered to be one of the less useful by AF. This 
shows clearly why triangulation of communication methods is needed, as people express 
themselves In different ways. More than one way Is needed of capturing views, but all ideas are 
valid. 
It was useful for participants to verbally describe their concept to the rest of the group, as in 
some cases, the models did need additional explanation. During the presentations, some 
participants in the 'audience' were observed to be writing notes, based on what the presenting 
participant was saying. They then added this to their own presentation. This occurred several 
times with the concept of Braille. This was obviously not found in the individual co-designing 
sessions reported in Chapter 9. It is something that designers should be aware of when group 
co-designing, as it can give a false slant on the importance of certain features. 
CAD 
The digital CAD Images produced by the design manager for presenting to AF's client were quite 
'blocky' in appearance and did not accurately represent the flexible nature of the packaging. The 
addition of a brand logo and colour helped to make the concepts feel more credible. The design 
manager described the problems In producing the digital CAD Images. Firstly, the images were 
produced to extremely tight time scales, again confirming previous findings that good digital 
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images take time to produce. Furthermore, due to the limitations of the design manager's CAD 
skills, he could not represent the pouch design (Concept B) digitally, due to its complexity. 
Instead, he used the researcher's hand drawings, and added colour in Adobe® Photoshop® 
(Adobe 2004). As in Chapter 9, this illustrates how a designer's vision can be hampered by their 
working knowledge of CAD and digital software tools, and corresponds with Söderman's (1998) 
view that the character of a CAD visualisation is defined by what the software can provide. If 
these CAD representations were to be presented back to users, it is suggested that they need to 
be improved, according to the guidelines presented in Chapter 11. 
10.5.5. Further issues 
Conducting this case study raised issues, believed to be generic to involving users as design 
partners in any design situation. 
Ownership of the designs and ideas 
The issue of design ownership was exposed during the workshop when one participant asked if 
they would receive royalties if any of their design ideas were used in real products. This was not 
considered prior to the workshop, but In hindsight should be a necessary requirement in any 
future workshops. It is recommended that a disclaimer, or other suitable documentation is 
prepared which states who owns the material and ideas produced during the workshop i. e. the 
researcher's organisation and/or the company paying for the research. Participants should sign 
this at the beginning of the workshop, and they have the option of withdrawing from the research 
session totally, if they disagree to its terms. This of course, raises questions of whether it should 
be morally right to reward users for ideas which make it into a final saleable product: is it moral 
or ethical for organisations not to acknowledge users whose input contributes to successful 
products? This is a potential minefield however, as how much credit can be given to users for 
contributing good ideas, when any ideas will always be interpreted and 'tweaked' by designers. 
Also, as this study and the study in Chapter 9 showed, participants co-designing in groups share 
ideas, so any idea could be claimed to be `owned' by any number of participants! Possibly, 
paying participants appropriately on the day may any quash any fears that they are being 
exploited. 
This raises a second issue, which is participants' motivation for participating. If the incentive 
payment is too high, there is the risk of just attracting participants who are involved simply for 
the money, rather than because they have a genuine interest in contributing design ideas. The 
only way to control for this is to have robust criteria for screening participants. In this study, they 
had to be microwave users and have experienced problems with packaging. The key is to pitch 
the incentive at the right level and to carefully select participants who exhibit genuine interest. 
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Reflecting on the success of co-designing in a commercial setting 
This case study conducted in a commercial setting differed from conducting co-designing research 
in an academic 'lab' environment (as in Chapter 9). In this case, AF were less concerned about 
formal procedures, such as ethical approval, but more concerned with obtaining quick results. 
The evidence for this was in the short time that they believed it would take to recruit participants 
and set up the workshop. The whole process of designing the study, recruiting participants, 
meeting participants to provide them with their workshop packs, organising the venue, materials 
and conducting the workshop itself happened in under 6 weeks, yet this was considered to be a 
long time by the some AF personnel! AF also wanted the results immediately after the workshop, 
not appreciating how long detailed analysis can take. A refreshing difference to conducting 
similar research in an academic setting, were the resources that AF were prepared to put into the 
research in terms of hiring a room, providing a meal and refreshments, payments for participant's 
time and supplying all materials and samples. The workshop day itself had a'corporate feel' to it, 
which it is believed helped the participants to feel like they were taking part in a really worthwhile 
activity. 
It was encouraging and reassuring that the AF design manager saw the value of the research and 
understood why new approaches to involving users are needed. Likewise, the key account 
manager -a major decision maker believed that the value lay in the actual methods used, and 
thought it might be access to these that attract new business. AF employees in roles further 
away from design saw less value. The question then, is how can other stakeholders in PD, 
especially the ones making the financial decisions be convinced of the value of user Involvement 
through co-designing? The decision to do user research will probably always rest with managers, 
but if there is not the budget for it, it will be given the lowest priority. There is after all, no 
guarantee that the research is going to give them the answers they are looking for, or necessarily 
lead to better products. It is hoped that if the co-designing research plays a part in the customer 
organisation giving AF their business, then other AF employees and those in the customer 
organisation will learn the value of involving users as co-designing partners. 
An important issue raised from the research was the priority that user research is given in NPD. 
In this case, one AF respondent reported how even if interest was shown in the research, it would 
not take high priority due to a restructuring of the company. Ukewise on the workshop day itself, 
the design manager could only attend the afternoon session as something else requiring his 
attendance was given a higher priority. It appears that one of the biggest challenges facing the 
acceptance of user involvement is for organisations to understand its value as being comparable 
with technological research. The fact that some existing flexible packs were too tall for a 
microwave is anecdotal evidence of this! Clearly, had user research been conducted earlier, this 
problem would have been immediately obvious. 
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It was apparent that most people encountered throughout the course of conducting the case 
study did not see user involvement through co-designing as being different, or complementary to 
traditional market research. AF managers referring to the whole research as'focus groups' was 
evidence of this. This lack of understanding shows a misunderstanding of the co-designing 
approach, compared to market research. The assumption that co-designing is simply focus 
groups, fails to take into account the fact that users have moved away from just taking a 
reactionary role and evaluating prototypes, to actually expressing their ideas, experiences and 
perceptions through designing. 
From the AF feedback, it was evident that those employees present at the workshop were able to 
offer more in-depth feedback, but were also more enthusiastic about including users in their 
design process. This shows that there really is no substitute for observing and working with 
users firsthand and the AF design manager described how he thought that the workshops of this 
kind in the future would benefit from more AF personnel being present. Caution would be 
needed however, in having too many company personnel present, as this may cause participants 
to feel intimidated. An interesting scenario may be for a designer to work with small groups of 
users in helping them draw and make their proposed designs. Evidence from this and the 
previous co-designing study (Chapter 9) show that some users could benefit from help in 
translating their ideas into visual designs. 
10.6. Conclusions 
To conclude, there Is sufficient evidence from this commercial case-study to show that Involving 
users can benefit the design process in NPD within commercial organisations. The biggest 
indicator of this Is was that the outcomes, which have been presented Internationally to an AF 
customer organisation, and at the time of writing, negotiations regarding continuing the research 
are underway. This study has also shown that there are still many challenges to be overcome if 
involving users as design partners is to become common practice in NPD organisations. These 
challenges are summarised below: 
Not market research - the biggest challenge to overcome is convincing NPD 
organisations that involving users as design partners is not market research In the 
traditional sense. Emphasis needs to be placed on the fact that the outcomes of the 
research can be used to directly Inspire the design process, and complement the 
generalisable data which serves to validate designs. 
Need managers with vision - NPD organisations need a'champion', i. e. managers and 
decision makers who see the value in challenging the status quo and the traditional way of 
doing consumer research. 
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" Accepting users as co-designers - NPD managers and designers need to accept that 
users can be design partners and inspire design, but on the other hand, they should not 
expect too much from users. 
" Involve all of the design team- the benefits of user research and involving users as 
design partners is best appreciated first hand. Non-design managers, decision makers, 
and those in roles such as manufacturing should have the opportunity to work with users 
too, to give them valuable insights into their customers. 
" Intellectual property /ownership - NPD organisations must consider beforehand, the 
important issues of the ownership of ideas produced in co-designing sessions. Failure to 
do so could lead to legal battles, if users claim that they 'designed' a new product and 
demand royalties. 
0 Reward - NPD organisations need to carefully pitch the level of incentive and reward, to 
strike a balance between exploiting users through under-payment and recruiting 
participants who simply want a large incentive payment. 
Further guidelines for the use of product representations in co-designing 
Further guidelines for the use of product representations in co-designing emerged from this case- 
study, which are summarised in Chapter 11. They are presented as a resource for guiding design 
teams in co-designing, with particular focus on the use of product representations to 
communicate design ideas. 
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CHAPTER ELEVEN 
Guidelines for Co-designing 
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11. Guidelines for co-designing 
11.1. Introduction 
This chapter presents the findings and guidelines which emerged throughout the research. It is 
somewhat misleading to claim that all findings from this research can be guidelines, as some 
findings are only applicable to the specific context from which they emerged, while other findings 
merely confirm existing knowledge. Those findings which are both relevant to the contexts from 
which they emerged, and can be generalised across other contexts, are perhaps most deserving 
of the title "guidelines". Therefore, the guidelines and findings from this research are presented 
within the following framework: 
" Guidelines generalisable across all contexts - although these guidelines also 
emerged from the studies in this thesis, they can be considered to be generalisable across 
other contexts, l. e. applicable to other co-designing scenarios. 
" Context specific findings - it cannot be assumed that these findings are generalisable 
across all contexts as they emerged from the specific studies in this thesis. Also, the 
researcher's Interpretation of the events Is a factor In how the findings are reported. 
" Findings which confirm existing knowledge - these findings also emerged from the 
studies In this thesis, but do not necessarily contribute anything new other than confirming 
existing knowledge in the area. 
The findings and guidelines were naturally able to be grouped together under category headings. 
These findings often came from more than one study (or chapter). Table 11-1 presents the 
guidelines and findings categories, with a brief description of what the category includes; and 
shows from which studies, (or chapters) the findings emerged. 
11.2. Guidelines generalisable across contexts 
These guidelines can be considered to be generalisable across contexts, (. e. they could be 
transferable to co-designing scenarios, other than those reported in this thesis. 
Users' understanding of product representations 
These guidelines emerged from Chapters 6 and 9. They relate to how users understand digital 
and RP representations, as would be the case if they were presented with these types of 
representation in concept evaluation, or concept validation stages of the design process. These 
guidelines are presented by product property: 
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Table 11-1: Guideline categories and the chapters from which they emerged 
Guideline and Finding Heading 
to m LLL 
CL ýo Ra t ,cr UU 
Users' understanding of product representations 
How users understand product properties from digital C40 images and physica/RP models xX 
Immersing users 
Immersing users in the product area before cv-designing helps users to think about the xx issues assoaýMed with the product 
Users working with other users 
Users co-designing in groups workdl erently to users co-designing Individually X 
Users working with product representations 
How users may choose to co-design with product representations x 
Benefits to a company of involving users 
How co-designing can help a company's design process and the benefits to be gained 
Designers designing 
How designers may work with product representations in co-designing, and how they may xx 
use co-designing to inspire their work 
Designers' understanding of users' PRs 
How designers may interpret prductrepf sentations produced by users xx 
User-designer Interaction 
The nature of Me Interaction between users and designers in m-designing xx 
Practical issues in co-designing 
How to conduct co-designing, particulaiy in a commercial context xx 
Materia/s, Quality, Co%our 
Material and texture may not be communicated well by digital representations. Textures 
and materials should therefore be replicated as accurately as possible. If limitations with 
software and time prevent this, material samples of textures and materials can be made 
available for the user to handle when viewing CAD images or handling models. Materials 
and textures have tactile properties, and so are best communicated through physical 
samples of the material. 
" As the representation of materials is a large indicator of product quality; materials should 
be represented as accurately as possible to provide a realistic impression of quality. 
" To elicit accurate information about product quality and perceived materials, avoid 
showing only an unpainted RP model to users. The sometimes insipid colour of the 
modelling material can effect perceptions of product quality and materials. Do not assume 
that users will understand what the product cnu/d look like (if it were coloured). Once 
users are given something tangible to hold, it can be difficult for them to make the jump 
to imagining it as another material. Wherever possible, and time permitting, RP model 
representations should be coloured accurately. In some scenarios however, unfinished 
product representations can play a role in eliciting ideas, through the removal of colour, 
which can be seen as an outside influence. 
253 
Function, Usability 
" If showing incomplete product representations to users, do not assume that they can 
imagine the missing parts of the product. Digital and physical models presented to users 
should include all major parts of the design to minimise confusion. 
" To gain feedback from users on a product's function and usability, physical models need to 
be'usable', i. e. have all the key parts, and be of the correct weight. Users should not be 
expected to imagine parts which should be there. 
" Check that users understand the product they are looking at, and if they are uncertain, 
find out which elements are causing confusion and offer clarification. 
" Function and usability are best represented by physical models. Unfinished 
representations particularly, can be useful by removing outside influences such as colour, 
allowing users to focus in on usability aspects. 
Size, Weight 
" To gain feedback on the appropriateness of a product's size and scale, give users a 
physical model. Showing products on a small computer screen can give a distorted 
representation of size and scale. 
" If showing digital CAD images to users, include a scale on the image. Either state the 
scale on the rendering (e. g. 'full scale', 1: 1) or place other elements in the image which 
give the product context (e. g. a hand, coin, mug). 
" On digital CAD renderings, avoid using overly exaggerated perspectives to make the 
product seem more dynamic as this can distort the perceived size of the product. 
" Users can benefit from handling reference weights when considering the weight of a 
product from a digital representation. However, if assessing the weight of a product from 
a RP model, the model needs to be weighted accordingly, taking into account balance, and 
centre of gravity. 
Emotion/properties 
" To elicit feedback on the perceived "personality" of a product, provide users with a 
selection of prepared personality adjectives or descriptors, rather than asking users to 
think of them spontaneously (which is known to be difficult). To evaluate the personality 
descriptors, look for a degree of agreement between the users about the personality 
characteristics of a particular product. 
" The degree to which users discuss emotional properties over physical properties needs to 
be directed by the designer researcher. Users may need prompting to draw out their 
perceptions of emotional properties, as these can be harder to describe than functional 
properties. 
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The product 
Consider whether it is important for the user to be aware of the brand of the product. This 
may be Important if the designer want to know about the fit of brand to a product. 
However, if designers require unbiased opinions about a product without'brand baggage', 
then the brand can be omitted. Confidentiality may be an overriding factor here. 
Users working with other users 
" Involving a range of users of different ages and abilities in co-designing, naturally gives 
users the opportunity to check the inclusiveness of their designs and to learn about other 
users' difficulties with products. 
" Users can find it helpful to refer to examples of design material produced by other users. 
This can help them to gauge the level of design `skill' expected, and quash fears that 
design material should be `works of art'. Users can refer to material produced by users 
working together in their session, or to material produced by users in previous sessions. 
Users working with product representations 
" If users are uncomfortable with drawing, they may choose not to participate in this stage, 
and prefer to use 3D modelling. If this is the case, designers should ask questions to'fill 
in' missing design details that would have been captured in a drawing but can be missing 
from rough models (e. g. Intended colour and texture). 
Benefits of user involvement to a company 
" In addition to informing design, co-designing can also be considered as a marketing tool, 
and provide competitive advantage over other organisations who are not involving users in 
the design process. Organisations can market the novel approach to user involvement, as 
well as the findings. 
Designers designing 
" Co-designing is best experienced firsthand. If user research is conducted through a third 
party market research agency, inevitably the richness of user involvement will become 
diluted as the data is passed from party to party. A recommendation is for designers to be 
present during user-involvement sessions run by external agencies. But better still, is for 
designers to personally participate in the sessions and work with users themselves. Care 
must be taken however, to ensure that too many people do not intimidate the participants. 
The balance of designers and users should be considered carefully; one designer per 
group of 4 participants is suggested. 
" Co-designing does not mean that designers no longer `own' the design. Designers can go 
beyond what users say they want and offer them radically different alternatives. Users 
tend to suggest ideas based on what they already know, therefore to create designs which 
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are different and exciting, designers will need to push users' boundaries of what they think 
they will like. 
" Decide the level of design that is required from users - is a customised user-fit design 
required, or is the aim to elicit user-led design criteria? Customised design is best elicited 
through working with individual users, whereas user-led design criteria can emerge from 
the combined efforts in group co-designing. 
Designers understanding users' Pits 
" Use more than one channel of communication (e. g. sketches, notes, models, verbal 
descriptions) to learn about users' ideas and perceptions. Physical models produced by 
users may not resemble their ideas as described through verbal descriptions and drawings; 
therefore avoid relying on the physical model as the only form of communication. 
Practical issues in co-designing 
" The product representation materials used for co-designing can effect how design ideas 
are communicated. For example, with day models, users' shape data can be lost while 
clay is drying out, due to the clay sinking or deforming. Therefore it is advised to check 
the accuracy of the dry model with the user before proceeding further. Paper models can 
easily become creased, and damaged, therefore ensure they are photographed as soon as 
possible after they have been made. 
" To help users with specific needs, involve specialists (e. g. ergonomists and those in 
manufacturing functions). These specialists can attend co-design sessions, and work with 
the users. This could save time later in the design process if the designs produced by the 
users prove to be unsuitable; unsafe; or difficult to interpret. 
" Co-designing must be an iterative process, in which users' ideas are presented back to 
them for evaluation, clarification and further improvement, i. e. concept evaluation and 
concept validation can feed back into co-designing. 
" It is recommended that a disclaimer, or other suitable documentation is prepared which 
states who owns the material and ideas produced during the co-designing sessions i. e. the 
researcher's organisation and/or the company paying for the research. Participants should 
sign such a disclaimer at the beginning of the session, giving them the option of 
withdrawing from the research session, if they disagree to its terms. 
" Pitch incentive rewards for participation in co-designing at the right level, and carefully 
select participants who exhibit genuine interest. Those users who see the value in the 
helping designers by co-designing will put more effort into the activity. 
" To place constraints on what users can design; a video or presentation can be shown of 
how the product is manufactured. This can provide users with cues as to how the 
product should be designed and further increase their sense of involvement. If designers 
do not wish users' thinking to be constrained however, this strategy is not recommended. 
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" Giving co-designing workshops a'corporate feel' (e. g. through adding logos to material, 
and staging the room) can help participants feel that they are contributing to a really 
worthwhile activity, and therefore more likely to take the activities seriously. 
" Make a co-designing environment inspiring by displaying relevant images and samples of 
products. Provide refreshments for users. 
Future system 
Current computer-based product representation technologies are not yet good enough to 
facilitate co-designing within a commercial context. It has been shown however, that there is 
particular functionality of current product representation technologies' that do offer useful co- 
designing potential. Refer to Section 8.6 for guidelines and recommendations for how such a 
system might operate. 
11.3. Context specific findings 
These findings cannot be considered generalisable across all contexts as they are quite specific 
only to the studies presented in this thesis. Further work would be required to determine if these 
findings could become guidelines generalisable across all contexts. 
Users' understanding of product representations 
" With regard to users understanding the weight of RP representations, the RP models in 
dark colours used in these studies were perceived to be heavier than unpainted, pale 
coloured RP models. 
" The cheap fork used in Chapter 6 appeared more expensive and better quality than the 
real product which it represented thus leading to users being disappointed. This implies 
that products should not be made to look higher quality in digital representations, than 
they will be in reality. In particular, how materials were rendered had the biggest Impact 
on perceived quality in this case. 
" Perceptions of product quality with the fork and saw presented in Chapter 6 noticeably 
altered when users were told the retail price of the products. This implies that for 
accurate feedback on perceived quality, users should have been made aware of the cost of 
the product from the outset. 
" Users' perceptions of the grey shaded fork in Chapter 6, were that it was made of 
stainless steel. It would remain to be seen whether users always presume that grey 
shaded CAD models imply a metallic material, or whether this finding was just specific to 
this study, and the choice of product (which being a fork, by its nature could be made 
from metal). 
257 
" It was difficult for users to estimate the weight of the products in Chapter 6, as size 
information was not provided in the representation. This would imply that users need 
information about a product's size, in order to understand a product's weight. 
Immersing users 
" In the co-designing study in Chapter 9, the users did not always understand why they 
were being asked to help design a new product. This could imply that the purpose of the 
activity was not explained sufficiently. It is therefore pertinent to note that participating 
users should be given a thorough explanation of how co-designing can help designers. 
Users working together 
" In the group co-designing sessions reported in Chapters 9 and 10 users were able interact 
with each other and discuss the activities without continuous input from the designer / 
researcher. This may not be the case in all co-designing scenarios, as it is dependent 
upon the mix and personalities of the participants. The designer / researcher should 
gauge the level of interjection required, depending upon the specific requirements in each 
session. 
" In the group co-designing sessions in Chapters 9 and 10, users turned to each other for 
inspiration, and to check that their designs were also suitable for other users. It is not 
known if this would always be the case in co-designing sessions, but as it proved to be 
useful in this instance, users could be encouraged to share their ideas with each other. 
" In the co-designing studies, users tended to draw in silence. This silence was Interpreted 
as involvement in the task. This may not always be the case however, and the design / 
researcher should check that the user is comfortable with the task, and with drawing In 
silence. 
" In the co-designing sessions reported in this thesis, some of the participants working in 
small groups produced similar designs, thus implying the importance of features. It is 
unclear however, if users designing together in small groups would always produce similar 
designs. 
" The group co-designing sessions appeared to give the users feelings of empowerment, 
and the feeling that they were working together towards a common goal. 
" Those users who collaborated together on a design (as reported in chapter 10), produced 
designs quicker than those who worked alone. This could indicate that co-designing 
collaboratively speeds up the process of idea generation, or it could have just been that 
these particular participants naturally worked quicker, regardless or not of whether they 
were working alone or collaboratively. 
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Users working with product representations 
" The users in the co-designing study in Chapter 9 modelled their designs much quicker 
than the designer / researcher had expected. This however, was only based on the 
opinion of the designer / researcher, and by someone else's standards, the duration could 
have been slow. If users are working quicker or slower than the design / researcher is 
expecting, they should check that the user is comfortable with the task, as excessive 
speediness or slowness could either indicate confidence (or a lack of) with the task. 
User involvement benefits to a company 
" The quality of the ideas produced from the co-designing workshop in Chapter 10 was 
sufficient to produce some feasible design directions. It would be wrong to claim 
however, that co-designing could always produce feasible designs. In this case, no single 
design was taken forward, but rather good elements of designs were "mixed and 
matched" to produce user-inspired packaging designs. 
Designers understanding users' PRs 
" In Chapter 9, it was difficult for the designer to interpret some of the clay models because 
it was not always clear whether indentions in the clay were intentional and users' actual 
shape data, or were due to'unfinished' modelling. It would be a good idea to check any 
discrepancies with users as early as possible. 
User-designer interaction 
" In the co-designing studies sessions in Chapter 9, the design / researcher found the one- 
on-one atmosphere to be stifling. The designer / researcher was unsure whether to 
interrupt, or to leave the user to get on with the task. In subsequent sessions, the 
designer found a useful strategy to overcome this awkwardness was to be in the same 
room, but to be busy doing something so that the user did not feel they were being 
watched. This observation could have been specific only to this scenario however, and 
could be attributed to the designer / researcher's interpretation of the events. 
" In one of the group co-designing sessions in Chapter 9, two designers participated within 
the group. This was a useful strategy as they were able to help the less confident users to 
translate their ideas onto paper and into clay. 
" Some of the quieter users in the group co-designing sessions appeared uncomfortable 
presenting their Ideas to the rest of the group. In these situations, it was up to the 
designer / researcher to ask the user questions about their design. 
Practical issues in co-designing 
" Weight and flexibility were not replicated well by the RP models used in Chapters 6 and 9. 
The models were lighter in weight and more brittle than was desirable. The problem of 
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weight could be overcome if the model were filled with an appropriate material to replicate 
the appropriate weight. 
" The written list of product properties in Chapter 10 appeared to prompt users to explore 
design Ideas by writing about them, rather than exploring ideas pictorially. Designers / 
researchers should therefore consider how best to pose a design task to users, t. e. 
whether to explain the product features to be explored as pictures, or as a written list. 
11.4. Findings which confirm existing knowledge 
Immersion 
" Users can be immersed in the product area through user diaries, self-photographing, 
interviews, and questionnaires. These methods all encourage users to think carefully 
about a product and how they use it / would want to use it, and their feelings and 
experiences associated with it. 
" Workbooks are a useful way of gaining a lot of information from users without needing to 
spend time with them individually (which can be labour-intensive). If devising workbooks 
as part of co-designing activity, careful thought should be given to the level of detail 
required from answers. A de-brief with the users after the workbooks have been 
completed is needed for the designer to understand the contents. 
" It is recommended that guidance should be provided to users on how to take photographs 
of relevant issues associated with the product e. g. the use environment. A method of 
logging the photographs taken, with reasons why is useful for designers analysing the 
research material. 
User involvement benefits to a company 
" Designers need to understand why user-involvement is necessary. For example, it can 
help companies to promote Inclusive design. Designing inclusively can result in increased 
market size and therefore greater sales potential. Legislation also means that the needs of 
older and disabled users should not be ignored. Furthermore, the commercial case-study 
reported in Chapter 10 puts forward a strong case for the benefits of co-designing from 
the points of view of the stakeholders involved in commercial product development (the 
company, the users themselves and academia) 
" Co-designing should not be confused with focus groups, which are often negatively 
perceived by designers. Focus groups are just one activity that can take place within the 
context of co-designing. 
" Co-designing can complement traditional market research methods. It should not be seen 
as a replacement. Both types of research have an important role to play, but co-designing 
produces information more relevant for inspiring designers with tangible ideas. 
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Designers designing 
" If product representations can only be shown to internal colleagues (due to time, costs, or 
confidentiality) try to use non-designers'. Designers may be too concerned with the 
product, rather than the task which is achieved by the object. They may look too carefully 
at problems not important to users, become overly concerned with unimportant detail, and 
overlook problems experienced by everyday users. 
0 Unfinished models are valuable for internal communication with other members of the 
design team, and for checking tolerances and fits. They can also remove outside 
influences, allowing users to concentrate on certain aspects. Unfinished or `imperfect' 
models also prevent users from thinking that a design Is `finished' thus they feel they can 
suggest changes. 
User-designer interaction 
" Co-designing can help users to take an inclusive approach, by listening and recording 
participants' accounts of potential problems with the designs of products, especially if they 
are of a different user group, generation and gender to that of the designer. Users are 
forthcoming with comments concerning potential design problems, and readily suggest 
design improvements when prompted. 
" Be aware of user's previous experience and knowledge of the product, the language they 
use, their generation, and their social and cultural mindset. It is easier for users to co- 
design if they have experience of the product. However, users will not always be co- 
designing similar products, as some products may be completely "new" concepts. 
" Some users are not familiar with `reading' drawings, whereas visual literacy is often a 
basic assumption of designers. Hidden information should be communicated to the 
participants for a full understanding. 
" Designers can help users to get started with designing in co-designing sessions, by 
listening to what users say, and helping them to sketch or make their models. 
Practical issues in co-designing 
" If facilitating a group discussion as part of a co-designing session, designers should be 
aware of the effects of dominating or shy participants. It is recommended that they refer 
to guidelines on conducting focus groups for advice on how to deal with this. 
" It is recommended that any models produced by users are photographed from all angles 
to serve as a more lasting representation, should the physical models be damaged. 
11.5. Final Remarks 
As stated in the introduction to this chapter, generating guidelines for co-designing from this 
research took place within a framework, whereby findings and guidelines were considered with 
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respect to how context specific they were; their generalisability across contexts; and their 
conformation of existing knowledge. Only those findings which are considered generalisable 
across contexts have been awarded the title of "guidelines". Findings which merely confirm 
existing knowledge cannot be called guidelines, and the context specific findings would require 
further investigation to determine if they could become generalisable guidelines. It is quite 
possible that these findings were simply specific to these particular studies, and were a product of 
the particular users who participated; the products selected for the studies; and the designer / 
researcher's interpretation of the events. 
To frame the findings and guidelines further (and so that they may be of more use to the 
practicing designer), Figure 11-1 shows how these guideline categories map onto stages in the 
concept development process. The guideline categories can apply to one or more stages of 
concept development. For example, "users working with product representations" applies to both 
the concept generation and concept modification stages of the concept development process. 
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Figure 11-1: How the guideline categories map onto stages of the concept development process. 
It is the author's opinion that these findings and guidelines provide a starting point for further 
work in this area. This would have to include testing and evaluating the relevance and usefulness 
of the guidelines with designers, in addition to finding out the best format to communicate them. 
These issues are discussed in more detail in Section 12.4: suggestions for further work. 
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CHAPTER TWELVE 
Conclusions and further work 
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12. Conclusions and further work 
12.1. Introduction 
The research presented in this thesis addressed the research question: in what ways can product 
representations facilitate user Involvement in co-designing during the early stages of NPD? The 
knowledge gained from the research emerged into findings and guidelines aimed at designers. 
These findings go some way towards showing how co-designing can be facilitated in the early 
stages of NPD, with specific focus on the appropriate use of product representations. This 
chapter presents the conclusions from the research, and states the outcomes of each research 
objective. Contributions to knowledge are then presented. The thesis concludes with suggestions 
for further work, and a list of publications published over the course of the research. 
12.2. Conclusions 
1. There is potential for real-time interactive co-designing to occur in a digital environment in 
the future, but current technology is not yet good enough. 
2. Users can understand a product from on-screen digital representations, and can make 
suggestions for improvements, but optimum understanding is gained if the images are 
presented In combination with physical RP models. 
3. As digital technology is not yet good enough to facilitate real-time interactive co-designing, 
traditional product representation methods of basic hand-made modelling and sketching 
and offer today's design teams the potential to engage users in co-designing in an 
affordable way. 
4. User involvement through co-designing using traditional product representations is best 
facilitated using a combination of three channels of communication: sketches, basic hand- 
made modelling and verbal description. 
S. Co-designing can work with individual users and groups of users, according to the stage in 
the design process: 
" Co-designing with individual users facilitates detailed individual customised `user-fit' 
designs. It is suggested that this can be useful in the embodiment stages of the 
design process, where a design can be optimised, or configured for use. The use of 
digital technology for co-designing in the future would come into its own in this area. 
The more `finished' look that can be given to digital product representations the more 
It is useful for gaining user feedback on a design. 
" Co-designing with groups of users facilitates a broader range of ideas but in less 
detail; concept directions, and user-led design criteria. There can be a degree of 
similarity in the designs. It is suggested that this is more useful in the concept 
generation stages of the design process, where a wide range of ideas is desirable. 
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This is best facilitated through non technology `cheap and quick' methods, as the 
unfinished nature of the representations encourages users more design freedom as 
the design is not considered `finished'. 
12.2.1. Objective 1 
To explore how users relate to digital and computer-based physical product 
representations, typical of those used in the early stages of NPD 
Digital CAD and RP representations offer potential time and cost savings in the early design 
stages of NPD. The findings from Chapters 6 and 9 (and presented as guidelines in Chapter 11) 
point towards how users understand such product representations, in terms of how they 
communicate physical and emotional product properties. Essentially, finished RP models and 3D 
colour CAD Images were found to communicate a product more completely to users. Unfinished 
models were found to be confusing to users, but because of this, elicited more questioning and 
suggestions for improvement. Therefore, unfinished representations play an important role in co- 
designing, whereas finished representations are more useful for eliciting feedback, and 
developing concepts further into the design process. 
12.2.2. Objective 2 
To understand design professionals' opinions and experiences of user involvement; 
product representations and their perceptions of co-designing 
Despite being aware of the benefits of user Involvement, there are challenges and barriers to 
overcome before designers see it as an essential element of designing. The general sense was 
that it was not the designer's job to facilitate user involvement; that users cannot contribute to 
design; and that it is too expensive and time-consuming. Decisions on user involvement 
appeared to rest predominantly with the dient and design management. Co-designing is still in 
its infancy as a user-involvement method. Successful implementation of co-designing in a 
commercial setting would require non-technical, 'cheap and quick' facilitation methods, and 
design management who saw the benefit of user-involvement. 
12.2.3. Objective 3 
To explore how current product representations can facilitate co-designing processes, 
and make recommendations based on the needs of any future technology 
There is no Individual technology that yet meets the requirements for facilitating real-time 
interactive co-designing, predominantly because of the Inability to facilitate interactive structural 
changes that update in real-time, and to be quickly transferable further into the design process 
(e. g. through rapid prototyping). Problems were also encountered with the timescales involved to 
produce renderings and models (weeks rather than hours); the number of different specialists, 
software applications and equipment required (e. g. ergonomist, CAD expert, 3D scanning expert, 
CAD software, rendering software, presentation software, 3D scanner, virtual sculpting system, 
265 
and rapid prototyping machinery); and the skill of the operator in producing CAD models and 
renderings from users' designs. 
Based on the criteria required for real-time interactive co-designing tools (Section 8.6), and the 
Imitations of existing technologies to fulfil these, recommendations were made for the key 
features of such tools: 
" 'Design' and 'View' -A co-designing tool needs two main elements -a visualisation 
system and a co-designing system, which allow the designer to select from three levels of 
co-designing-'design'; 'configure'; or 'view'. 
" Designer's Interface - The co-designing system allows the designer to make real-time 
changes to a digital representation. The designer views and makes the changes in a 
familiar 'CAD' environment. 
" User's- Interface - The visualisation system allows the user to view the changes in a 
'friendly non-CAD environment (i. e. without clutter such as gridlines, co-ordinates or 
Icons), using high quality 3D visual presentation, (rendered within the same software). 
For stages of the design process which do not require the user to suggest and make 
changes the product, the visualisation system offers the advantage of simply being able to 
display the product e. g. for evaluation purposes. 
" Verbal Interaction -A cD-designing tool needs to facilitate verbal communication 
between the designer and the user - either by them sitting in dose proximity to each 
other, or by using and communications technology, such as video conferencing, and a 
whiteboard. 
" Drawing and modelling - The system should include a facility for users to draw or 
model their design, to assist verbal communication of their Ideas, and to explore Ideas. 
" Tactile manipulation and feedback - The visualisation system allows the user to 
manipulate the representation, e. g. zoom in and out and rotate. A haptic device such as 
the PHANTOM could provide tactile feedback. 
" View in context - The visualisation system allows the user to view the product being 
used in context, in a similar way that human modelling software allows computer models 
of products to be manipulated by 'virtual' users. 
0 Quick data exchange - The co-designing system facilitates the quick production of CAD 
data for use in producing RP models, and also for use further into the product 
development process. 
" Select co-designing level - The system allows the level of co-designing to be set. For 
example, the designer can choose to let the user have total freedom with the design 
where 'anything goes', which would be useful in the very early stages of product 
development. Alternatively, the designer may wish to impose constraints on the design, 
so that the user can only change or suggest design features within limits. This would be 
more useful further Into the embodiment stages of product development. 
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12.2.4. Objective 4 
To determine through exploratory studies, how co-designing can be facilitated 
through the use of computer-based product representations 
All of the studies in the thesis provided knowledge about how co-designing can work in practice: 
" Groups of users and Individual users can be used in different, yet complimentary ways In 
co-designing. 
"A process of immersion (e. g. through questionnaires, interviews, diaries, photographs, 
discussions) prior to co-designing enables the user to think carefully about the product in 
question. 
" Users' product representations do not always communicate what they intend. The 
triangulation of sketches, hand-made physical models and verbal description provide a 
fuller explanation of users' design needs and ideas. 
" Co-designing needs to be an iterative process whereby users return to evaluate their 
designs after being interpreted and reproduced by the design team. 
0 Co-designing can benefit from the participation of specialists (e. g. ergonomists, 
manufacturing) during the design sessions to guide users in producing designs which are 
usable and manufacturable. However it should be remembered that this places constraints 
on users' design freedom, which may be desirable, depending on the stage In the design 
process. 
Designers have an important role to play in co-designing and they should not feel that 
their role is relegated to that of a facilitator. Designs produced by users will always 
require interpretation by a designer. Designers can push the boundaries of what users 
think they want and offer them radically different alternatives. 
Practical issues concerning co-designing emerged. Ownership of any designs and ideas 
produced must be established from the outset; the incentive should be appropriate to 
attract users who genuinely want to participate to Improve products; and a suitable award 
should be pitched to attract users and reward them for their valuable Ideas. A 'corporate' 
feel to co-designing activity can make users feel valued and that they are making a 
difference. 
Co-designing enables an inclusive design approach, particularly if users of mixed ages and 
abilities co-design together in a group. For example, products which were co-designed 
specifically for use by an arthritic user were found to inspire designs by able-bodied users; 
and younger users were found to be testing their designs with older users. 
12.2.5. Objective 5 
To explore the value of co-designing in a commercial setting 
The case-study reported in Chapter 10 addressed this objective. There was sufficient evidence 
from this commercial case-study to show that involving users can benefit the design process in 
NPD within commercial organisations. The company gained from the co-designing activity in 
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terms of receiving Insightful perceptions about their product; user-led design criteria for 
improving future products; and concept directions, which were taken further into development 
and presented to a major dient. In turn, the dient took the findings and concepts to their 
business In the U. S. At the time of writing, negotiations regarding continuing the research were 
underway. Furthermore, the following conclusions came out of the case study: 
" Co-designing was seen as a marketing tool. The co-designing approach to user 
involvement was perceived to be as valuable In attracting new business as the actual 
findings gained from the research. 
" The company and dient wanted to do further co-designing on the concept directions which 
came out of the case study. However the design team would not consider undertaking the 
activity themselves and saw it very much as being within an expert domain. Design teams 
dearly need training and guidance to do co-designing themselves. 
" The design team and other stakeholders in the company had high expectations of the 
users. They expected more `finished' concepts, rather than general concept directions. 
" The design team wanted to `educate' users in how the product would be manufactured, so 
that users could consider these issues when designing. 
There are still many challenges to overcome if involving users as design partners is to become 
common practice In NPD organisations. These challenges are summarised below: 
" Not market research - the biggest challenge to overcome is convincing NPD 
organisations that invoMng users as design partners is not market research in the 
traditional sense. Emphasis needs to be placed on the fact that the outcomes of the 
research can be used to directly Inspire the design process, and complement the 
generalisable data which serves to validate designs. 
" Need managers with vision - NPD organisations need a'champion, i. e. managers and 
derision makers who see the value in challenging the status quo and the traditional way of 
doing consumer research. 
" Accepting users as co-designers - NPD managers and designers need to accept that 
users can be design partners and inspire design, but on the other hand, they should not 
expect too much from users. 
" Involve all of the design beam- the benefits of user research and involving users as 
design partners is best appreciated first hand. Non-design managers, decision makers, 
and those in roles such as manufacturing should have the opportunity to work with users 
too, to give them valuable insights into their customers. 
" Intellectual property /ownership - NPD organisations must consider beforehand, the 
important Issues of the ownership of Ideas produced in co-designing sessions. Failure to 
do so could lead to legal battles, if users claim that they 'designed' a new product and 
demand royalties. 
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Reward - NPD organisations need to carefully pitch the level of incentive and reward, to 
strike a balance between exploiting users through under-payment and recruiting 
participants who simply want a large incentive payment. 
12.2.6. Objective 6 
To develop recommendations and guidelines to assist design teams in involving users, 
with emphasis on the use of product representations 
Knowledge about co-designing emerged through all stages of the research, and Influenced 
decision making in subsequent studies. The findings which then emerged from these studies 
were then considered In Chapter 11, and presented as either context specific findings; findings 
generalisable across contexts; or findings which mercy confirmed edsting knowledge. Those 
findings which could be generalised across contexts were most deserving of the title "guidelines". 
The findings and guidelines were presented under category headings (users' understanding of 
product representations; Immersing users; users working with other users; users working with 
product representations; benefits to a company of involving users; designers designing; 
designers' understanding of users' PRs; user-designer interaction; and practical issues in co- 
designing). The guidelines and findings were characterised further by showing how they mapped 
onto different stages in the concept development process. By doing this, it became apparent how 
these findings may be of more use to the practicing designer; and furthermore, identified the 
limitations of these guidelines, as many were context specific only, or merely confirmed existing 
knowledge. It was the author's opinion that these findings provide a starting point for further 
work in this area. How this further work may be approached is discussed further in Section 12.4. 
12.3. Contributions to knowledge 
This thesis has contributed to knowledge in the area of co-designing in the following ways: 
" Identification of gaps in the knowledge - The literature reviews in Chapters 2,3 and 
4 have brought together, and acknowledged gaps in the knowledge in the areas of user 
Involvement in NPD; product representations as communication tools In NPD; and users' 
understanding of product representations. 
" Investigations of current thinking and practice - Both the designer interviews in 
Chapter 7 and the commercial case-study in Chapter 10 have revealed design 
professionals' current thinking and practice In terms of their perceptions and experiences 
of user Involvement In designing; their use of product representations; and their 
perceptions and experiences of c -designing. 
" Recommendations for future co-designing tools - Through evaluating existing 
product representation technologies, and conducting co-designing studies, 
recommendations for the functionality of future co-designing tools have been proposed. 
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Guidelines for facilitating co-designing - Through the practical investigations 
conducted through this research, guidelines to assist design teams in involving users, with 
emphasis on the optimum use of product representations have been generated. 
12.4. Suggestions for further work 
Suggestions for further work fall into five main workstreams: 
Testing and dissemination of guidelines 
Co-designing guidelines emerged through the research studies. As designers have been involved 
throughout, the guidelines have come from actual interactions with designers. However, these 
guidelines have not yet been presented back to designers to evaluate their applicability and 
usefulness, as this task fell beyond the remit of the thesis. An obvious next step therefore, is to 
show the guidelines to designers, for testing and evaluation. It is envisaged that through 
feedback, the guidelines could then be refined as appropriate, and further gaps In the designers' 
knowledge can be identified. A possible scenario would be for a design team to conduct a co- 
designing activity, by referring to the guidelines. 
A further issue of importance Is to consider the format that the guidelines are presented In. It is 
obviously important that any Information intended to help designers, is presented in a relevant 
and appropriate format. It is unlikely that designers would find these guidelines in their present 
form as bulleted lists Inspiring, therefore some work needs to go Into considering alternative 
methods of presentation. These might include a web-based format, or a Microsoft® 
Powerpoint® style presentation. It is also suggested that any co-designing guideline material 
should Include real-life examples of where and how co-designing has worked. There is therefore 
a requirement to conduct further co-designing workshops (as presented In Chapter 10) to build 
up a body of examples, which can Inspire design teams. 
Co-designing technology development 
Recommendations for a conceptual future co-designing system were presented in Chapter 8. As 
technology begins to deliver the functionality required, there will be an opportunity for further 
research into how a co-designing 'system' or'tool' would operate. As today's product 
representation technology is not yet up to the challenge of facilitating co-designing, a roadmap 
could be produced, forecasting future developments in the technologies indicating when they will 
become available. This could help a technology developer to make strategic decisions based on 
which technologies to develop. 
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Explore different permutations of co-designing 
Throughout the co-designing studies in the research, suggestions were made for different ways in 
which co-designing could be explored: 
" Designers could sketch out designs for users as they describe their ideas. It would be 
interesting to learn how designers can play a more collaborative role, and design with the 
users. 
" In Chapter 9, designers were 'hidden' in with a group of users, but this was found to be a 
useful strategy as the 'designer-users' helped to get the co-designing sessions started 
more quickly. This could be explored further as a co-designing strategy. 
" In Chapter 10, it was suggested that users could be taught about the manufacturing 
process of the product, in order to produce more feasible designs. It could be investigated 
how users respond to being `educated' In this way, and how it affects the designs 
produced. 
" Users and designers co-designing without geographical constraints, using email and 
Internet technology could be explored. Work in this area exploring designers co-designing 
with other designers already exists, so it would be useful to learn if any of these 
mechanisms are also appropriate for user-designer co-design. 
Users' understanding of product representations 
The study in Chapter 6 only considered users' understanding of static digital product 
representations. The following could also be investigated: 
Allow users to manipulate CAD models by rotating and zooming in and out, 
Present animations of products to users to show different sides and parts of a product. 
Present different types of digital representation, e. g. those evaluated in Chapter 8. 
Educating designers about co-designing 
Designers need education and training on how to practice co-designing. As co-designing is still in 
its Infancy as a mainstream user-research method, It is suggested that undergraduate designers 
should be taught how to use techniques to facilitate co-designing. Further work could be 
conducted Into how to train designers to co-design. The guidelines produced from this research 
could be a starting point for this. 
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12.5. List of publications 
Opportunities were taken through the research to publish on-going work as peer-reviewed 
conference papers: 
Cain, R., Gyi, D., Campbell, I. 2002. "CAD Models as a Co-Design Tool for Older Users: 
A Pilot Study ff, In PDC 02: P%cvedings of the 2002 Participatory Design Conference, 
Binder, T., Gregory, J., Wagner, I. (Eds), 23-25' June 2002, Malmö, Sweden: CPSR, pp 
260-265 
Cain, R., Campbell, I., Gyi, D. 2003. "Managing Collaboration Between Designers and 
Users in the PD Process: A Method Based on Users' Understanding of Computational 
Product Representations", In Proceedings of the 2003 PDMA Research Forum, Barczak, G. 
(ed) 4-5th October 2003, Boston, MA: Product Development and Management Association, 
pp 35-54 
Gyi, D. E., Cain, R., Campbell, iR. I. 2003. "Can computer-based models facilitate 
participatory design with older users? " In Prxee+dings ofIndude 2003, Royal College of 
Art, 25-28th March 2003, [CD ROM] 
Gyl, D. E., Cain, R., Campbell, R. I. 2005. "Users, designers, stakeholders or partners? " 
In Proceedings of Indude 2005, Royal College of Art, 5-8th April 2005, in Press 
Campbell, R. I., Cain, R., Gyi, D. E. 2004. "The Role of Customer Input In the Design 
Process', In Proceedings of Computing and Solutions in Manufacturing Engineering, Ivan, 
N. V., Lancea, C., Filip, A., Chicos, L., Mihali, M., Simon, A. E. (eds), 16-18th September 
2004, Brasov, Romania: Transylvania University of Brasov, [CD ROM]. 
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Appendix 1 
Product Representations as Communication Tools in the 
Design Process 
Appendix 1-1: Co-designing strategy brainstorm 
Brainstorming was selected as a method to generate ideas for potential co-designing methods 
using computer-based technologies. It allowed a large number of ideas can be obtained in a 
short time - 100 ideas in 20 minutes is commonplace (Rawlinson 1970). The basis of 
brainstorming is the generation of ideas in a group, with the judgements on the merits of these 
ideas being performed later. It is a quick and easy idea-generating technique, whereby 
participants call out ideas so that each person has the opportunity to build upon the thoughts of 
others (Langford and McDonagh 2003 p193). Ideas should be as broad as possible, and 
developed as fast as possible. Group brainstorming is effective because it uses the experience 
and creativity of all the members of the group, and when one participant reaches their limit on an 
idea, another participant's experience can take the idea on to the next stage. A group of 12 
people is recommended, with a moderator whose job is to ensure that ideas are not criticised or 
evaluated in the session (Rawlinson 1970). 
Procedure 
Twelve participants took part in the one-hour session, plus the moderator. The participants were 
researchers working in the Department of Design and Technology at Loughborough University. 
They were selected on the basis of their mutual interest and knowledge about computer-based 
product representations and designing. Participants were seated around a large table. 
A participant acted as a 'scribe' and noted ideas on 
large sheets of paper. The session was also tape- 
recorded. Firstly, the moderator described the 
purpose of the session, and identified the objective 
(to explore methods of co-designing through 
computer-based product representations), which was 
pinned on the wall to remind participants throughout 
the session. It was explained to participants, that the 
discussion was particularly concerned with the 
concept development stages of the design process, 
where products can be optimised for use. 
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The brainstorming session began by participants thinking of all possible computer-based product 
representations: on-screen `digiital' computer-based product representations, and physical 
representations. This list then provided the structure for the main part of the session. 
Considering each identified representation, participants provided ideas on how these 
representations could facilitate co-designing with users. 
Appendix 1-2: CAD Modelling Theory 
The most basic building block in 3D modelling is the polygon, which is made up of three 
components: points, edges and faces. The point is the fundamental component in 3D graphics, 
and is defined by its three Cartesian coordinates. An edge joins two points, and a face is 
enclosed by three or more edges. In a point doud view, only the points are displayed, whereas 
wire-frame views show edges and can be used to examine surface structure much more clearly. 
3D programs provide designers with a layer of tools, which enable modelling at a broad level. 
Primitive objects, for example, are a set of ready-made objects which can be combined to make 
other objects. Typically, primitives are the plane, cube, sphere, cylinder, torus (doughnut), 
pyramid and cone. 
Above primitive modelling are polygon tools, which usually take the form of an action or operation 
to turn a simple 2D polygon shape into a complex 3D object. The three most basic polygon tools 
are: 
Extruding -a planar polygon perpendicularly produces a 3D volume whose cross-section 
is the original polygon shape. 
Revolving - rotates a profile polygon around an axis, and is suitable for creating parts, 
which are rotationally symmetrical. 
Lofting - involves creating two or more polygon profiles and positing them as though 
they are the cross sections for the object being constructed. The Loft tool then connects 
the polygon profiles to create an outer "skin" of polygons. This is useful for creating more 
organically shaped objects, but it can be difficult to visualise the polygon shapes that may 
be required, in advance. 
A more advanced geometry tool in 3D modelling is curves, or splines. Points can be connected to 
create curves, which do not render in the final images, but are used as construction aids in 
modelling. Curves use mathematical equations to define their form, unlike co-ordinate points. 
Splines are special because they can define very arbitrary shapes, e. g. by looping back on 
themselves. Some 3D modelling programs use Bezier curves, where on each curve there are 
points with tangent handles which allow the curvature of the curve to be modified at that point. 
A special type of spline which has useful properties is NURBS (Non-Uniform Rational B-Spline). 
Basically, NURBS use control points to define a curve - like simple splines. There are no tangent 
handles (as on Bezier curves), but NURBS points instead. These can be weighted to affect the 
curve at their particular point to a lesser or greater degree. NURBS are very flexible and they can 
form all kinds of shapes. Curves can be used as paths to sweep a polygon profile along, in an 
operation called Sweeping, which can create pipes, tubes, helixes and other twisting shapes. For 
a full explanation of NURBS refer to Danaher (2001) and Schoonmaker (2003). 
To make a smooth surface with polygons, many (hundreds or thousands) need to be used. A 
different approach called spline patching was developed to solve the problem of creating smooth 
surfaces efficiently (Danaher 2001). Rather than a web of connected polygons, a net of inter- 
connected splines can be used instead, meaning that only a few points are needed to control the 
shape of the surface. Tools such as extrude and loft can still be used, but the profiles and paths 
are made of spline curves instead of polygons. There can be problems with joining patches 
together, and a lot of manual tweaking can be required to remove the seam or crease at the join. 
Surface modelling is often considered a separate activity within 3D CAD software, and can be 
complicated (Schoonmaker 2003). Typical applications include the modelling of sculpted parts 
(e. g. those which are free form or wavy e. g. a car body panel), moulded parts and swept parts. 
With 3D surfaces, the NURBS representation is used to contain the mathematics of a whole 
surface. Modelling with NURBS requires considerably more skill than modelling in solids. 
Appendix 1-3: Popular animation and rendering software 
Name and developer Developer's website 
Maya (Alias I Wavefront) www. aliaswavefrontcom 
High-end 3D animation ; character animation and effects; film effects; 
product visualisation; fine art; games. 
Photorealistic RenderMan (Pixar) https: //renderman. pixar. com 
Rendering program used to make the images in Toy Story and 
Jurassic park. Rendering standard used In the film Industry. 
Sofämage 3D and Softimage XSI (Softimage) www. softimage. com 
First 3D animation package to be produced for artists. 
Maya has now taken over. 
Ughtwave 3D (NewtTk) www. newtek. com 
Made up of two programs - Modeler, which handles the building and 
texturing of 3D objects, and Layout, which animates and renders. 
Used by 3D artists for film, broadcasting and games. 
Cinema 4D XL (Maxon) www. maxon. net 
Modelling and animation tools; very fast rendering; broadcast work; 
character design. 
Electric Image (EI Technology Group) www. eitechnologygroup. com 
3D animation and rendering system, used for films such as 
Terminator 2. Comes with separate solid and surface modelling 
program. 
3D Studio Max (Discreet) www. discreet. com 
3D animation and rendering package, often taught In education 
establishments. 
Mental Ray (Mental Images Gmbh) www. mentalimages. com 
A high quality raytrace renderer, able to simulate natural light. 
Ughtscape (Discreet) www. discreetcom 
Rendering application focussing primarily on radiosity, Often used by 
companies to create architectural visualisations because of the 
accurate way It handles lighting. 
Truespace (Caligari) www. caligari. com 
Animation and modelling tools; uses Raytrace rendering . 
Rhino (Robert McNeel and Associates) www. rhino3d. com 
3D modelling program which uses NURBS. Basic rendering for 
visualising objects. 
Bryce (Corel) www. corel. com 
Landscape and environment generator used to create realistic and 
fantasy scenarios; uses a raytracing renderer to create simple 
animations. 
Poser (Curious Labs) www. curiouslabs. com 
First commercial 3D program to create procedural human figures. 
Props can be imported from elsewhere which Poser figures wear, hold 
and interact with. 
Pixels 3D (Pixels Digital) www. pixels3d. com 
3D Mac only system for rendering. 
Appendix 2 
Users' Understanding of Computer-Based Product 
Representations 
Appendix 2-1: Participant advertisement 
Are you over 50? ... Paid Participants Required 
Are you interested in the way that the products you use on a daily basis are designed? Would 
you like to have a greater participation in the design of your products? 
If so, the following may be of interest to you.... 
I am looking at methods of allowing older users to participate in the design of products. Males 
and females over the age of 50 are needed to take part in a pilot trial being run in the 
Department of Design and Technology in which participants will be asked to comment on a 
variety of different product representations. 
The trials will involve participants viewing a computer screen and handling small products. 
Participants will not be required to use a computer themselves and no previous knowledge of 
computers is required: Both complete novices and experienced users are required for the study. 
The trials last approximately 90 minutes and there is payment of £5 for taking part. 
If you are interested in taking part, or would like more information, please contact 
Rebecca Cain 
Postgraduate Research Student 
Department of Design and Technology 
Ext. 8316 
R. Cain@Iboro. ac. uk 
Appendix 2-2: Pruning saw images 
Appendix 2-3: Description of trial questionnaire 
Loughborough 
University 
Department of Design & Technology 
Department of Human Sciences 
PILOT STUDY 1 
DESCRIPTION OF THE TRIAL 
This research is part of a three year project. There are now many more older people in the 
population. In terms of producing products, there is therefore a larger potential market for 
products which are aimed at older people. 
The research project is broadly looking at how people can have a greater say in how the products 
they use are designed. The technological advances in recent years mean that computers can be 
used to help design products. 
The purpose of conducting this first trial is to discover how the over 50s could participate in 
designing products on a computer. As a volunteer for this study, you will not be required to use 
a computer yourself, but simply be asked to describe objects shown on a computer screen. You 
will be asked to handle objects and describe them 
The trial will last a maximum of 2 hours. You are asked to wear the glasses you would normally 
wear when viewing a computer screen or television. 
Thank-you for agreeing to participate. Your experiences and comments will be very valuable to 
the research. Should you have any queries regarding this trial, please contact me. 
Rebecca Cain 
Postgraduate Research Student 
Department of Design & Technology 
Loughborough University 
Loughborough 
Leicestershire 
LE11 3TU 
Tel. 01509 228316 
Email: R. Cain@lboro. ac. uk 
Appendix 2-4: Participant consent form 
  Loughborough 
University 
Department of Design & Technology 
Department of Human Sciences 
PILOT STUDY 1 
PARTICIPANT CONSENT FORM 
Participant No ..................... 
The procedure of the trial has been explained to me. I understand that I will be required to look 
at objects on a computer screen and answer questions about them. I understand that this is not 
an intellectual test and no prior knowledge of computers is required. 
I consent to taking part in the trial. I understand that I can stop at any time, and do not have to 
give a reason for doing so. It has been explained to me that my identity will remain confidential 
and the data collected during the trial will be used solely for the purposes of research. I consent 
to having my photograph taken and I understand that the trial will be video-recorded. The trial 
will last a maximum of 2 hours and I am free to leave at any time. 
Participant Signature 
Investigator's Signature 
Date 
Date 
Occasionally the images collected during the trial may be used in presentations within the 
university. I give my consent for any photographs of me to be used. I understand that my 
identity can be hidden if desired. 
Participant Signature 
Investigators Signature 
Date 
Date 
Appendix 2-5: Introductory Interview Questionnaire 
Age Gender M F 
Occupation 
Computer Experience 
Group A B 
Participant No. 
1. Have you used a computer before? Yes No 
7 
2. Where do you use a computer? Home Work Other 
3. What do you use a computer for? 
4 How frequently do you use a 
computer? 
Playing games Work 
Watching DVDs Digital Photo 
enhancement 
Internet Email 
Listening to Programming Other 
music 
Daily Weekly 
Monthly Yearly 
Have you ever experienced viewing 
5.3D computer images before? Yes (go to Q6) No 
(e. g. computer games) 
Never 
How frequently do you play 
6. computer games which use 3D Daily Weekly Never 
graphics? 
L Monthly 
I 
Yearly 
I 
Do You normally wear glasses or 
7a. contact lenses to view a computer 
screen? 
Glasses Yes No 
Contact Lenses Yes No 
7b. Wye, are you wearing them today? Glasses Yes No 
Contact Lenses Yes No 
8. Do you suffer from colour blindness, Yes No 
or any other sight colour deficiency? 
Appendix 2-6: Product Properties Questionnaire 
I Fork Pruning saw tick 
2D Line Drawing 
3D Grey Shaded 
3D Colour Rendered 
RP Unfinished 
RP Finished 
Group AB 
Participant No. 
This is a/ drawing done on a computer /a model. Do you recognise it? What do you think it is? 
Tell me as much about it as you can. 
Use the prompts below for more specific information 
2. Function - what is it used for, how does it work? 
3. Size - (refer to ruler if required) 
4. Weight - (refer to reference weights if required) 
5. Surface properties - materials, texture, roughness, thermal qualities (refer to texture board if 
required) 
6. Colour/s 
7. Identifiable design features - would you be able to use it? Have you ever used a product like 
this? What for? Is there anything wrong with it? How would you improve it? 
8. Other 'soft' emotional qualities - perception of quality, cost desirability, house-space 
Appendix 2-7: Product personality questionnaire 
Imagine that the fork and saw are real people. 
Think of 6 adjectives that describe the personality of each product, and write them in the boxes 
below. 
e. g. happy; reliable; risky; boring etc. 
Adjectives Pruning Saw Fork 
1 
2 
3 
4 
5 
6 
Appendix 2-8: Ranking the realism of product representations 
1. FUNCTION 
Rank the following images in order of which gives the most information about what the product is 
and how it should be used. 
5432 
Fork 
Pruning Saw 
2. MATERIALS 
Rank the following images in order of which one gives the most information about what materials 
the product is made from. 
5432 
Fork 
Pruning Saw 
3. WEIGHT 
Rank the following images in order of which one gives the most information about what weight 
the product is. 
5432 
Fork 
Pruning Saw 
4. SIZE 
Rank the following images in order of which one gives the most information about what size the 
product is. 
5432 
Fork 
Pruning Saw 
S. USABILITY / EASE-OF-USE 
Rank the following images in order of which one gives the most information about the usability, 
or ease-of-use, of the product. 
5432 
Fork 
Pruning Saw 
Appendix 2-9: De-brief questionnaire 
1. Mental Demand 
How much mental and perceptual activity was required (e. g., thinking, deciding calculating, 
remembering, searching looking etc. )? Was the task easy or demanding, simple or complex, 
exacting or forgiving? 
Low Mental Activity High Mental Activity 
2. Physical Demand 
How much physical activity was required (e. g., pushing, pulling, turning, controlling, activating, 
etc. )? Was the task easy or demanding, slow or brisk, slack or strenuous, restful or laborious? 
Low Physical Demand High Physical Demand 
3. Temporal Demand 
How much pressure did you feel due to the rate or pace at which the tasks occurred? Was the 
pace slow and leisurely or rapid and frantic? 
Low Temporal High Temporal 
Demand Demand 
4. Effort 
How hard did you have to work (mentally and physically) to accomplish your level of 
performance? 
Low Effort High Effort 
S. Performance 
How successful did you think you were in accomplishing the goals of the task set out by the 
investigator? How satisfied were you with your performance in accomplishing these goals? 
Low Performance High Performance 
6. Frustration Level 
How insecure, discouraged, irritated, stressed and annoyed versus secure, gratified, content, 
relaxed and complacent did you fell during the trial? 
Low Frustration Level High Frustration level 
7. Did you experience any difficulties in viewing the screen? Yes No 
S. If `yes' what problems did you experience? 
Appendix 2-10: Ranking the realism: raw data 
FORK Function Materials 
Partcpnt 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Partcpnt 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Partcpnt 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
FuncLine FuncGrey Funccol FuncRPuf FuncRPfi Matline Mat Grey MatCol MatRPuf MatRPfl 
42315 1 3 4 2 5 
12345 1 3 4 2 5 
32145 1 2 4 3 5 
12435 1 3 4 2 5 
23415 2 4 5 1 3 
23415 2 3 5 1 4 
12345 1 3 4 2 5 
12435 3 4 5 1 2 
43512 3 2 4 1 5 
13425 1 3 4 2 5 
23514 1 1 5 2 4 
21345 2 1 4 3 5 
42315 2 3 4 1 5 
Weight Size 
Wghtline WghtGrey WghtCol WghtRPuf Wgh1RPfl SizeUne SlzeGrey SlzeCol SIzeRPuf SIzeRPtl 
134 25 1 2 3 4 5 
134 25 1 2 3 4 5 
134 25 3 4 5 1 2 
134 25 1 2 3 4 5 
142 23 1 2 4 3 5 
234 15 1 2 3 4 5 
134 25 1 2 3 4 5 
125 34 1 2 3 4 5 
435 12 2 1 3 4 5 
134 25 1 2 3 4 5 
245 13 1 2 3 4 5 
123 45 1 2 3 4 5 
234 15 1 2 4 3 5 
Usability Quality 
UsabLine UsabGrey UsabCol UsabRPuf UsabRPfi QualLine QualGrey QualCol QualRPuf QuaIRPN 
423 1 5 
123 4 5 1 2 3 4 5 
123 4 5 
123 4 5 1 3 4 2 5 
134 2 5 1 3 4 2 5 
234 1 5 2 3 5 1 4 
124 3 5 1 3 4 2 5 
123 4 5 3 4 5 1 2 
213 4 5 2 1 5 3 4 
123 4 5 1 3 4 2 5 
134 2 5 2 3 5 1 4 
123 4 5 2 1 4 3 5 
124 3 5 5 3 4 1 2 
PRUNING SAW 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Function Materials 
PunDU. retry /be0d Mdlw F. I. Mrs N Lk Rim Ud M. RPS MN PI 
4 3 5 1 2 2 1 4 3 5 
3 4 5 1 2 1 2 3 4 5 
5 4 3 1 2 1 4 3 2 5 
3 4 5 1 2 1 3 5 2 4 
2 4 5 1 3 1 3 4 2 5 
1 4 5 2 3 1 3 5 2 4 
3 4 5 1 2 3 4 5 1 2 
4 3 5 1 2 1 3 5 2 4 
3 1 5 2 4 3 1 5 2 4 
3 4 5 1 2 2 3 4 1 5 
4 3 5 1 2 3 2 5 1 4 
1 2 3 4 5 1 2 3 4 5 
1 2 5 4 5 1 4 5 2 3 
Weight Size 
yy ý {p. ry yyy*C wo no wio P MsUne 
su. " MaCd MsRN MnRPR 
1 2 3 4 5 1 2 3 4 5 
1 2 3 4 5 1 2 3 4 5 
1 2 4 3 5 1 3 4 2 5 
1 2 3 4 5 1 2 3 4 5 
1 4 3 2 5 1 5 2 3 4 
1 2 4 3 5 1 2 4 3 5 
1 3 5 2 4 3 4 5 1 2 
1 2 3 4 5 1 2 3 4 5 
3 1 5 2 4 2 1 3 4 5 
1 2 3 4 5 2 3 1 4 5 
2 1 3 4 5 2 1 5 3 4 
1 2 3 4 5 1 2 3 4 5 
1 3 4 2 5 1 3 5 2 4 
Usability Quality 
U. eur U.. saw U.. eea u. eIw U.. RPI arr. araq arod arRP. i arRM 
1 2 5 3 2 
1 2 3 4 5 1 2 3 4 5 
2 3 4 1 5 
1 2 3 4 5 1 2 5 3 4 
1 4 5 2 3 2 4 5 1 3 
3 4 5 1 2 2 3 5 1 4 
1 4 5 2 3 1 3 4 2 5 
3 4 5 1 2 2 1 5 4 3 
2 1 5 3 4 2 1 5 3 4 
1 2 3 4 5 1 3 4 2 5 
4 2 5 1 3 3 1 5 2 4 
1 2 3 4 5 1 2 3 4 5 
3 4 5 1 2 2 3 5 1 4 
Appendix 3 
The Designer's Point of View: An Interview Study 
Appendix 3-1: Designer Interview Questionnaire 
DESIGN PROCESS 
1. During the development of a product, do you tend to follow a formal 
process/ methodology to define the development process? 
la. Is it the same for all products, or does it depend on the product? 
1b. What time scales are involved? 
2. Do you involve end-users in the design process? 
2a. At what point In the design process? 
2b. In what ways? 
2c. What are the main advantages? 
2d. What are the main disadvantages? 
INCLUSIVE DESIGN 
3. Are you familiar with inclusive design? 
3a. What do you understand by inclusive design? 
3b. Do you try to incorporate inclusive design principles into your work? 
3c. If you do involve end users in the product development process, how do you recruit them 
(e. g. are they colleagues or members of the public)? 
PRODUCT REPRESENTATIONS 
4. What forms of product representation do you use in the design process (e. g. 
sketches, drawings, CAD models / renderings, VR, 3D models etc)? 
4a. Who are these representations presented to (e. g. design team members / end users)? 
4b. Are different representations needed for design team members and end-users? 
4c. What are you trying to find out from the users (usability issues, aesthetics issues, fit and feel, 
ergonomic evaluation, emotional issues etc. )? 
4d. What form of product representation do you think should a product concept take, in order to 
make accurate predictions about a new product's market potential? 
COMPUTER-AIDED DESIGN (CAD) 
S. Do you ever show CAD images to end-users to allow them to evaluate a product's 
design? 
5a. If Yes - how? 
5b. At what point in the process? 
Sc. What format is the CAD model (line, wireframe, grey-shaded, rendered, exploded, animated 
etc)? 
5d. If No - why not? 
5e. Can users make ergonomic / usability / aesthetic evaluations from CAD models? 
5f. If No - why not? 
5g. What do you believe to be the potential advantages, and disadvantages of using CAD 
representations to communicate design ideas to end users? 
RAPID PROTOTYPING (RP) 
6. Do you use RP? 
6a. What do you use RP for (e. g. present concepts to dient / user, check fits etc)? 
6b. Where are the models made (e. g. In house, contracted out)? 
6c. What format are the models used (e. g. unpainted, painted, working)? 
6d. Who handles the models (e. g. clients, members of design team, end users)? 
6e. Do you/would you give them to users to handle? 
6f. What are the benefits / disadvantages of allowing end users to handle RP models? 
6g. Do you think that it is possible to make ergonomic / usability / aesthetic evaluations from RP 
models? 
6h. If No - why not? 
CAD AND RP 
7. What do you think of the idea that CAD and RP can be used together to 
communicate design concepts to end-users (e. g. a CAD visualisation with an 
unpainted RP model)? 
DESIGN IN REAL-TIME 
S. One advantage of CAD is that the model can be modified easily. How feasible do 
you think the idea is, that users could suggest design changes and could be present 
while these real-time design changes are made? 
8a. Have you ever tried this, or would you consider doing this? 
8b. What are the potential problems that would arise in doing this? 
8c. How important do you think the technology is, in achieving this? 
8d. Rapid Prototyping allows 3D physical models to be produced In a matter of hours. One Idea Is 
that users could suggest design changes by looking at a CAD model of a product, the design 
could then be rapid prototyped, and users could have a physical (RP) model to handle the same 
day. What do you think of the feasibility of this, with today's technology? 
DESIGN MANAGEMENT 
9. Through interviews I have conducted so far with designers, it is becoming apparent 
that they want to Involve users, but somehow feel that the decision is not theirs to 
make i. e. it is up to the managers, or the client to decide whether users should be 
involved. it is also emerging that user involvement is perceivedto be time- 
consuming and expensive. This does not have to be the case as there are many 
approaches and methods available. 
9a. In your experience as a designer, have you encountered similar attitudes? For example, have 
you ever wanted to involve users, but have been restricted by time / cost / confidentiality 
concerns? 
9b. How do you think designers can educate / persuade senior managers (with no design 
experience) and clients of the benefits of user involvement? 
9c. If designers and product developers had a proven methodology to follow, that allowed them 
to involve end users optimally through the use of time-saving technologies such as CAD and RP, 
do you think that this would promote a greater use of end-users? 
CLOSURE 
Appendix 3-2: Designer Consent Form 
  Loughborough 
University 
Department of Design & Technology 
Department of Human Sciences 
User Involvement and Product Representation Interviews 
INTERVIEWEE CONSENT FORM 
The nature of the interview has been explained to me. I understand that the interview will be 
informal. I can choose whether or not to answer any question, without giving a reason for doing 
so, and I may stop the interview at any time, without giving a reason for doing so. 
I consent to taking part in the interview. I give my permission for any information I give during 
the interview to be used solely for the purposes of research. I understand that the interview will 
be tape-recorded and transcribed. The interview will last a maximum of 2 hours. 
Interviewee Signature Date 
Investigator's Signature Date 
Appendix 3-3: Concept Coding Strategy 
dp Design process 
Ui User involvement 
Ui-who Who is the end user? 
Ui-reas Reasons for involving 
users 
Ui-prob Problems and barriers 
to involving users 
Ui-prob - ape Apathy -there's no point 
Ui-prob-pret Designer pretending to 
be user 
Ui-prob-role Not the designer's role 
Ui-prob-comm Design by committee 
Ul-prob-t+m Time and Money 
Ui-prob-conf Confidentiality 
Ui-prob-und Lack of user 
understanding 
Ui-when When to Involve users 
Ui-dinv Designers involved 
personally in user 
trials 
Ui-incd Inclusive design 
Ui-und Designers 
understanding users 
Ui-mres Designers 
understanding market 
research 
Ui-ext Working with external 
parties 
Ui-eg Examples of user 
involvement 
Understanding 
Uid of inclusive 
design 
Uid-yes Practicing It 
Uid-no Not practicing it 
Uid-know Knows about it but is 
not practicing 
Pr Product 
representation 
Pr-phys Physical models and 
mock-ups 
Pr-rp Rapid prototyped 
models 
Pr-unf Unfinished RP models 
Pr-prob Problems with 
physical models 
Pr-cad CAD 
Pr-anm animations 
Pr-lies CAD lies 
Pr-c+rp CAD and RP 
Pr-user Showing product 
representation to 
users 
Pr-ctxt context 
Pr-und Users understanding 
Pr-rec Recommendations 
Pr-erg Ergonomic 
evaluations 
Computer-aided 
Cad design 
Rp Rapid 
prototyping 
Rcd Real time co- designing 
Red-pos Positive comments 
Rcd-neg Negative comments 
Rcd-prac Practicalities 
Rcd-adv Advice 
Dm Design 
management 
Appendix 4 
Evaluating Computer-Based Product Representation 
Technologies to Facilitate Co-designing 
Appendix 4-1: Co-designing procedure: changing sketch profiles in Pro Engineer@ 
For a description of the steps followed, refer to the following page. 
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1. The user was shown a CAD model of a set of garden fork prongs, without a handle. The 
designer created an assembly file, in which the new handle would be assembled onto the 
prongs. A new part file was then created, in which to model the handle 
2. The user had a mental model of how they wished the handle to look like, and described 
this to the designer. The designer had difficulty in understanding what was wanted, so 
the user intuitively picked up a pen and paper and very quickly sketched her design. 
3. The designer interpreted the sketch, and following some more questioning from the 
designer about the dimensions of the radii, created a model. 
4. The designer then imported the part file into the assembly file and aligned the handle 
onto the prong shaft. 
S. After viewing this model, the user decided she did not like the handle and wanted to start 
again. This time, the user began by sketching what was required, and added an 
annotation referring to a hole to hang the fork up, and a lip at the bottom of the handle, 
to stop it slipping out of the hand. 
6. The designer modelled the handle using a revolved extrusion. 
7. A domed piece was then added to the top of the handle. The designer then tried to cut a 
hole through the top of the handle to create the hanging hole, but despite several 
attempts, the CAD software would not allow this feature to be created, and repeatedly 
showed error messages. The user decided not to bother with a hanging hole and wanted 
to see what the new fork would look like. The designer assembled the new handle onto 
the prongs. 
8. The user did not like this design, and wanted to start again. She sketched a new idea. 
9. The designer dynamically altered the depth of the name plate until the user was happy 
with it. 
10. The user's name was then added, and rounds were modelled onto any sharp edges. 
11. Finally the handle was assembled onto the fork prongs and presented to the user. Having 
decided that the handle was now appropriate, the user specified colours and materials. 
However the rendering ability of the software was poor and only basic colour changes 
could be made. It was quick and easy to change the colour of the model, but materials 
and texture could not be adequately represented. 
Appendix 4-2: Dynamically modifying features in Pro/DESKTOP® 
The position of the hole can easily be altered dynamically, by dragging the handles on the dotted 
line running parallel to the model 
Hole in original position Hole is repositioned by dragging the handles along the 
dotted line 
The dimension slider allows the dimensions of a feature to be changed within a certain range, 
and the model is updated immediately. The screen shots below show the dimension slider being 
used to change the radius of a round. This functionality is useful for conducting 'what-if 
scenarios by allowing the effects of changing parameters dynamically to be observed. 
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Hole with lmm round Hole round changed to 3mm using the dimension slider 
If a CAD model has been set-up with a revolve profile, it is possible to change the profile, thus 
changing the shape of the handle. 
The modified profile is updated to create a more tapered 
handle 
In the same manner, the profile of the handle can be altered by sketching a new profile, and 
using this as a revolved cut around the part. 
An elliptical profile is sketched on to the revolve profile 
A round can then be added to the new edges, and the dimension slider can be used to adjust the 
rounds to the user's preference. 
Modifying the round radius with the dimension slider 
A new sketch of the revolve profile is created by 
modifying the dimension of the end radius 
The eIIIpäcal profile Is used to cut around the handle. 
The resultant handle with modified rounds 
Appendix 5 
Exploring Co-Designing Using Traditional and 
Computer-Based PR Methods 
Appendix 5-1: Co-designing study participant advertisement 
The advertisement was placed on the Loughborough University Electronic Notice Board. The 
following wording was used: 
Have you ever experienced problems with the design of small gardening tools 
such as hand forks, or are you interested in being involved in how the design 
of gardening tools may be improved? 
I am investigating "co-designing", where users are involved In designing better products. 
I am looking for people who are interested in gardening and who would like to take part 
in an exciting study to help design a new handle for a small gardening tool. The study is 
taking place in the Department of Design & Technology at Loughborough University. 
Are you..... 
" Over the age of 18? (There is no maximum age! ) 
" Genuinely interested in gardening at any level - beginners through to 
professionals? 
" Interested in the design of the tools you use? (You may have experienced 
problems with the design of tool handles, perhaps due to arthritis) 
" Interested In being involved in the design of a new tool handle by experimenting 
with 3D modelling materials such as clay, and in some cases, viewing your 
proposed design as a computer model? 
" Comfortable with your ability to communicate your Ideas verbally or through rough 
sketches and modelling materials such as clay? 
" Excited by the thought of being involved in designing a new Improved product, 
and spending some time in an informal creative environment? 
" Available to attend 2 sessions, each lasting no longer than 90 minutes? 
If you can spare 3 hours of your time (2 sessions of 90 minutes each), you will be paid 
£15.00 for taking part. 
If you are interested in taking part, or would just like to know more information, please 
contact 
Rebecca Cain 
Postgraduate Research Student 
Department of Design & Technology 
Loughborough University 
Loughborough 
Leicestershire 
LE11 3TU 
Tel. 01509 228739 
Email: R. Cain@lboro. ac. uk 
Appendix 5-2: Handle properties 
No. Short Description Detailed Description 
FUNCTIONAL PROPERTIES OF THE FORK HANDLE 
1.1 Digging The ease of using the handle for digging 
1.2 Carrying The ease of carrying the handle 
1.3 Storage The ease of storing the fork 
1.4 Cleaning The ease of cleaning the handle 
1.5 Visibility Visibility of handle in garden environment 
HOLDING THE FORK HANDLE 
2.1 Shape The shape of the handle when holding 
2.2 Size The size and proportion of the handle when holding 
2.3 Weight The weight of the handle when holding 
2.4 Balance The balance of the handle when holding 
THE FEEL OF THE HANDLE MATERIAL 
3.1 Hardness Softness / hardness of the handle material 
3.2 Grip The handle grip 
3.3 Texture The texture of the handle material 
3.4 Roughness The roughness / smoothness of the handle material 
3.5 Temperature The temperature / thermal quality of the handle material 
3.6 Sound The sound of the handle material 
3.7 Smell The smell of the handle 
THE VISUAL APPEARANCE OF THE HANDLE 
4.1 Colour The colour of the handle 
4.2 Appearance The appearance of the handle surface 
4.3 Form The appearance of the handle's form and shape 
4.4 Personality The 'personality' of the handle 
THE APPEAL OF THE HANDLE 
5.1 Quality The quality of the handle 
5.2 Desirability The desirability of the handle 
5.3 Pleasure The pleasure in using the handle 
5.4 Value Value for money 
5.5 Safety Feeling that the handle is safe 
Appendix 5-3: Participant screening and information sheet 
(To be filled in by the researcher during initial telephone contact with a potential participant). 
Date Time 
What kind of gardener would you describe yourself as? 
Professional Experienced amateur 
Moderately experienced amateur Amateur with little experience 
Beginner 
How many years have you been interested in gardening? 
Are you genuinely interested in, and enthusiastic about gardening? 
1 
Interest in improving the design of gardening tools 
Have you ever experienced any problems with using hand tools? (give details) 
Do you suffer from any medical condition which affects your ability to use hand tools? 
I Are you interested in improving the design of hand tools to meet your particular requirements? 
Competence in expressing creative ideas 
Although no artistic ability is required, and you will not be tested on your artistic ability, are you 
comfortable with expressing your ideas: (tick) 
Verbally Through clay modelling 
Through rough sketching 
Viewing a computer screen 
Some sessions may require you to view images on a computer screen. Would you be comfortable in 
doing this? (You will not be required to operate the computer) 
Contact details 
Name Age Gender 
Address 
Telephone numbers 
Email 
Appendix 5-4: Fork handle requirements questionnaire 
In this session you will be creating an improved handle for an existing garden fork. First of all, it 
is useful to get you to think about the qualities you want from a garden fork handle 
Imagine you are choosing a new garden fork to buy... what qualities are you looking for in the 
handle? Circle the following qualities according to their importance to you. 
1=not at all important to me 
5=very important to me 
Neither not 
Not at all Not really important Quite Very 
important important or important important 
to me to me important to me to me 
to me 
1.1 The ease of using the handle for 1 2 3 4 5 digging 
1.2 The ease of carrying the handle 1 2 3 4 5 
1.3 The ease of storing the fork 1 2 3 4 5 
1.4 The ease of cleaning the handle 1 2 3 4 5 
1.5 Visibility of handle in garden 1 2 3 4 5 
environment 
2.1 The shape of the handle when holding 1 2 3 4 5 
2 2 The size and proportion of the handle 1 2 3 4 5 
. when holding 
2.3 The weight of the handle when holding 1 2 3 4 5 
2 4 The balance of the handle when 1 2 3 4 5 
. holding 
3.1 Softness / hardness of the handle 1 2 3 4 5 
material 
3.2 The handle grip 1 2 3 4 5 
3.3 The texture of the handle material 1 2 3 4 5 
3.4 The roughness / smoothness of the 1 2 3 4 5 handle material 
3 5 The temperature / thermal quality of the 1 2 3 4 5 . handle material 
3.6 The sound of the handle material 1 2 3 4 5 
3.7 The smell of the handle 1 2 3 4 5 
4.1 The colour of the handle 1 2 3 4 5 
4.2 The appearance of the handle surface 1 2 3 4 5 
4.3 The appearance of the handle's form 1 2 3 4 5 
and shape 
4.4 The 'personality' of the handle 1 2 3 4 5 
5.1 The quality of the handle 1 2 3 4 5 
5.2 The desirability of the handle 1 2 3 4 5 
5.3 The pleasure in using the handle 1 2 3 4 5 
5.4 Value for money 1 2 3 4 5 
5.5 Feeling that the handle is safe 1 2 3 4 5 
Appendix 5-5: Evaluation of existing handle questionnaire 
Refer to the garden fork you have just been given. 
Evaluate and circle the following qualities of the fork handle. 
Poor Good 
FUNCTIONAL PROPERTIES OF FORK 
HANDLE 
1.1 Ease of using the handle to dig Difficult to dig with 12 345 
Easy to dig 
with 
1.2 Ease of carrying the handle Difficult to carry 12 345 Easy to carry 
1.3 Ease of storing the fork Difficult to store 12 345 Easy to store 
1.4 Ease of cleaning the handle Difficult to clean 12 345 Easy to clean 
1.5 Visibility of handle in garden environment Not easily visible 12 345 Easily visible 
HOLDING THE FORK HANDLE 
2.1 Comfort of handle shape Uncomfortable 12 345 Comfortable 
Inappropriate size 
Appropriate 
2.2 Appropriate size and proportion of handle and proportion 
12 345 size and 
proportion 
2.3 Appropriate weight of handle 
Inappropriate 12 345 Appropriate 
weight weight 
2.4 Appropriate balance of handle 
Inappropriate 12 345 
Appropriate 
balance balance 
THE FEEL OF THE HANDLE MATERIAL 
3.1 Softness / hardness of the handle material 
Poor softness / 12 345 Good softness hardness / hardness 
3.2 Grip on handle Poor Grip 12 345 Good grip 
3.3 Texture of the handle material 
Inappropriate 12 345 
Appropriate 
texture texture 
Roughness / smoothness of the handle 
Inappropriate Appropriate 
3.4 
material roughness 
/ 12 345 roughness/ 
smoothness smoothness 
3 5 Temperature / thermal quality of the handle Inappropriate 12 345 Appropriate . material thermal quality thermal quality 
3.6 Sound of the handle material Poor sound 12 345 Good sound 
3.7 Smell of the handle Poor smell 12 345 Good smell 
THE VISUAL APPEARANCE OF THE 
HANDLE 
4.1 Colour of the handle Poor colour 12 345 Good colour 
4.2 Appearance of the handle surface 
Poor surface 12 345 
Good surface 
appearance appearance 
4.3 Appearance of the handle's form and shape 
Poor appearance 
of form 
12 
Good 
345 appearance of 
form 
4.4 'Personality' of the handle 
Dislikeable 
12 345 Likeable 
personality personality 
THE APPEAL OF THE HANDLE 
5.1 Feeling of quality about the handle Poor quality 12 345 Good quality 
5.2 Desirability of the handle Undesirable 12 345 Desirable 
5.3 Pleasure in using the handle 
No pleasure in 12 345 Pleasure in 
using using 
5.4 Value for money 
Poor value for 12 345 
Good value 
money for money 
5.5 Feeling that the handle is safe No feeling of safety 12 345 
Feeling of 
safety 
Appendix 5-6: De-brief discussion questions 
" Do you have any comments about the environment (room and surroundings) in which the 
session took place? 
" Did you have sufficient modelling materials to create your design? (If no, describe what 
else you required). 
" Did you have sufficient examples of materials to inspire you? (if no, describe what other 
examples you would have preferred). 
0 Did you have sufficient time to model your design? 
" Would you prefer taking part in the session if there were other participants here too? 
Explain your answer. 
0 What did you enjoy about the session? 
0 Was there anything you found difficult or disliked about the session? 
. What improvements would you suggest to the running and content of the session? 
" Did you have enough guidance or too much interference from the facilitator during the 
session? 
Do you think the co-designing session helped to create a product that is better suited to 
your particular needs? 
Are there any other products or parts of products, which you think would particularly 
benefit from being co-designed in this way? 
Appendix 5-7: Modelled handle evaluation questionnaire 
Refer to the digital images / physical model (delete as appropriate) you have just been given. 
Evaluate and circle the following qualities of the fork handle. If you cannot apply a rating, 
choose X. 
FUNCTIONAL PROPERTIES OF FORK 
HANDLE 
1.1 Ease of using the handle to dig 
1.2 Ease of carrying the handle 
1.3 Ease of storing the fork 
1.4 Ease of cleaning the handle 
1.5 Visibility of handle in garden environment 
X Poor 
Difficult to dig 1 
with 
Difficult to carry 1 
Difficult to store 1 
Difficult to clean 1 
Not easily 1 
visible 
Good 
2 3 4 5 
Easy to dig 
with 
2 3 4 5 Easy to carry 
2 3 4 5 Easy to store 
2 3 4 5 Easy to clean 
2 3 4 5 Easily visible 
HOLDING THE FORK HANDLE 
2.1 Comfort of handle shape 
2.2 Appropriate size and proportion of handle 
2.3 Appropriate weight of handle 
2.4 Appropriate balance of handle 
THE FEEL OF THE HANDLE MATERIAL 
3.1 Softness / hardness of the handle material 
3.2 Grip on handle 
3.3 Texture of the handle material 
3.4 Roughness / smoothness of the handle 
material 
3.5 
Temperature / thermal quality of the handle 
material 
3.6 Sound of the handle material 
3.7 Smell of the handle 
THE VISUAL APPEARANCE OF THE 
HANDLE 
4.1 Colour of the handle 
4.2 Appearance of the handle surface 
4.3 Appearance of the handle's form and shape 
4.4 'Personality' of the handle 
THE APPEAL OF THE HANDLE 
5.1 Feeling of quality about the handle 
5.2 Desirability of the handle 
5.3 Pleasure in using the handle 
5.4 Value for money 
5.5 Feeling that the handle is safe 
Uncomfortable 1 
Inappropriate 
size and 1 
proportion 
Inappropriate 1 
weight 
Inappropriate 1 
balance 
Poor softness /1 
hardness 
Poor Grip 1 
Inappropriate 1 
texture 
Inappropriate 
roughness/ 1 
smoothness 
Inappropriate 1 
thermal quality 
Poor sound 1 
Poor smell 1 
Poor colour 1 
Poor surface 1 
appearance 
Poor 
appearance of 1 
form 
Dislikeable 1 
personality 
Poor quality 1 
Undesirable 1 
No pleasure in 1 
using 
Poor value for 1 
money 
No feeling of 1 
safety 
2345 Comfortable 
Appropriate 
2345 size and 
proportion 
2345 
Appropriate 
weight 
2345 Appropriate balance 
Good 
2 3 4 5 softness/ 
hardness 
2 3 4 5 Good grip 
2 3 4 5 
Appropriate 
texture 
Appropriate 
2 3 4 5 roughness/ 
smoothness 
Appropriate 
2 3 4 5 thermal 
quality 
2 3 4 5 Good sound 
2 3 4 5 Good smell 
2 3 4 5 Good colour 
2 3 4 5 
Good surface 
appearance 
Good 
2 3 4 5 appearance 
of form 
2 3 4 5 Likeable 
personality 
2345 Good quality 
2345 Desirable 
2345 
Pleasure in 
using 
2345 Good value for money 
2345 Feeling of 
safety 
Appendix 5-8: Participant information sheet 
  Loughborough 
University 
Department of Design & Technology 
Department of Human Sciences 
CO-DESIGNING USER TRIALS 
PARTICIPANT INFORMATION SHEET 
This research is part of a three year project. Co-designing is a process where people like you can 
work with designers, and be involved in designing better products. 
As a participant you will be asked to take part in 2 sessions: 
" In the first session, you will be asked to evaluate an existing garden fork handle, suggest 
ways in which the handle could be improved, Then you will get the opportunity to model 
your own design from 3D modelling materials. 
" In the second session, you will view your handle design as a computer model, and work 
with the designer to choose appropriate materials and colours. You will then be asked to 
review your design. 
Each session will last no longer than 90 minutes, so the maximum total trial time will be 3 hours. 
You will be paid £15 for completing BOTH trials. 
The designing part of the trial will be video-recorded to serve as a memory aid for the researcher. 
The data collected during the trial will be stored securely until being destroyed upon completion 
of the project in October 2004. 
Thank-you for agreeing to participate. Your experiences and comments will be very valuable to 
the research. Should you have any queries regarding this trial, please contact me. 
Rebecca Cain 
Postgraduate Research Student 
Department of Design & Technology 
Loughborough University 
Loughborough 
Leicestershire 
LE11 3TU 
Tel. 01509 228739 
Email: R. Cain@Iboro. ac. uk 
Appendix 5-9: Participant informed consent form 
borough   Louni 
Ughversity 
Department of Design & Technology 
Department of Human Sciences 
CO-DESIGNING USER TRIALS 
PARTICIPANT INFORMED CONSENT FORM 
Participant No ........................ 
The purpose and details of the study have been explained to me. I understand that this study is 
designed to further design research and that all procedures have been approved by the 
Loughborough University Ethical Advisory Committee. 
I have read and understood the information sheet and consent form. I have had an opportunity 
to ask questions about my participation. I understand that I am under no obligation to take part 
in the study. 
I understand that by taking part in this user trial, I am required to attend 2 sessions, each lasting 
a maximum of 90 minutes. I understand that I have the right to withdraw from this study at any 
stage for any reason, and that I will not be required to explain my reasons for withdrawing. I 
understand that all the information I provide will be treated in strict confidence. I understand 
that the trials will be video-recorded, to serve as a memory aid for analysis by the researcher 
I consent to taking part in this study 
Your name 
Your Signature Date 
Investigator's Signature Date 
Occasionally the images collected during the trial may be used in publications and presentations 
for research purposes. 
I give my consent for any images of me to be used. 
I understand that my identity will be hidden. 
Participant Signature Date 
Investigator's Signature Date 
Appendix 5-10: Fork handle requirements 
Individual studies 
P01 P02 P03 P04 
FUNCTIONAL PROPERTIES OF FORK HANDLE 
1.1 Ease of using the handle to dig 5 5 4 5 
1.2 Ease of carrying the handle 3 2 4 5 
1.3 Ease of storing the fork 1 4 3 5 
1.4 Ease of cleaning the handle 2 4 3 5 
1.5 Visibility of handle in garden environment 4 5 2 1 
HOLDING THE FORK HANDLE 
2.1 Comfort of handle shape 5 4 4 5 
2.2 Appropriate size and proportion of handle 5 4 4 5 
2.3 Appropriate weight of handle 5 5 3 5 
2.4 Appropriate balance of handle 5 4 4 5 
THE FEEL OF THE HANDLE MATERIAL 
3.1 Softness / hardness of the handle material 3 4 4 5 
3.2 Grip on handle 5 4 3 5 
3.3 Texture of the handle material 4 5 4 5 
3.4 Roughness / smoothness of the handle material 5 3 3 5 
3.5 Temperature / thermal quality of the handle material 2 4 3 5 
3.6 Sound of the handle material 1 1 2 1 
3.7 Smell of the handle 1 3 2 4 
THE VISUAL APPEARANCE OF THE HANDLE 
4.1 Colour of the handle 4 5 4 1 
4.2 Appearance of the handle surface 3 2 4 1 
4.3 Appearance of the handle's form and shape 4 2 4 1 
4.4 'Personality' of the handle 3 4 4 3 
THE APPEAL OF THE HANDLE 
5.1 Feeling of quality about the handle 5 4 5 5 
5.2 Desirability of the handle 3 4 4 4 
5.3 Pleasure in using the handle 3 4 4 4 
5.4 Value for money 4 2 2 5 
5.5 Feeling that the handle is safe 4 4 3 5 
Requirements of a garden fork handle - group studies 
FUNCTIONAL PROPERTIES OF FORK 
HANDLE 
05 05 05 05 06 06 06 06 
01 02 03 04 ()()() (04) (01) (02) (03) 1) 
1.1 Ease of using the handle to dig 5 5 5 3 5 5 4 5 
1.2 Ease of carrying the handle 4 2 1 2 5 1 2 3 
1.3 Ease of storing the fork 4 3 1 4 4 1 2 4 
1.4 Ease of cleaning the handle 3 2 3 4 4 1 2 3 
1.5 Visibility of handle in garden 
environment 
4 4 5 3 5 3 3 3 
HOLDING THE FORK HANDLE 
2.1 Comfort of handle shape 5 5 5 4 5 5 4 5 
2.2 Appropriate size and proportion of 
handle 
5 5 4 5 5 5 3 5 
2.3 Appropriate weight of handle 5 4 3 3 4 5 4 4 
2.4 Appropriate balance of handle 4 3 3 2 4 5 3 4 
THE FEEL OF THE HANDLE MATERIAL 
3.1 Softness / hardness of the handle 
material 
5 4 5 4 4 3 3 3 
3.2 Grip on handle 5 5 5 5 5 4 4 5 
3.3 Texture of the handle material 5 5 4 4 4 3 4 4 
3.4 Roughness / smoothness of the handle 
material 
5 5 5 3 4 3 1 4 
3.5 Temperature / thermal quality of the handle material 
5 4 2 2 4 1 1 3 
3.6 Sound of the handle material 3 1 1 1 3 1 1 3 
3.7 Smell of the handle 3 1 1 1 3 1 1 1 
THE VISUAL APPEARANCE OF THE HANDLE 
4.1 Colour of the handle 4 4 5 3 2 1 1 2 
4.2 Appearance of the handle surface 2 4 4 2 3 1 1 2 
4.3 Appearance of the handle's form and 
shape 
2 4 4 4 3 1 2 4 
4.4 'Personality' of the handle 3 5 1 4 3 1 1 3 
THE APPEAL OF THE HANDLE 
5.1 Feeling of quality about the handle 5 4 4 5 4 5 4 5 
5.2 Desirability of the handle 5 4 4 2 3 1 3 4 
5.3 Pleasure in using the handle 5 4 4 3 3 2 3 3 
5.4 Value for money 5 5 5 4 5 5 4 5 
5.5 Feeling that the handle is safe 5 5 5 4 4 4 4 5 
Appendix 5-11 Ratings for original handle 
Individual studies 
P01 P02 P03 P04 
FUNCTIONAL PROPERTIES OF FORK HANDLE 
1.1 Ease of using the handle to dig 5 1 1 2 
1.2 Ease of carrying the handle 4 3 2 2 
1.3 Ease of storing the fork 3 2 3 5 
1.4 Ease of cleaning the handle 5 4 4 5 
1.5 Visibility of handle in garden environment 1 1 2 5 
HOLDING THE FORK HANDLE 
2.1 Comfort of handle shape 4 2 1 1 
2.2 Appropriate size and proportion of handle 2 1 4 1 
2.3 Appropriate weight of handle 2 3 2 5 
2.4 Appropriate balance of handle 1 2 1 1 
THE FEEL OF THE HANDLE MATERIAL 
3.1 Softness / hardness of the handle material 4 3 2 1 
3.2 Grip on handle 3 2 2 1 
3.3 Texture of the handle material 2 4 2 1 
3.4 Roughness / smoothness of the handle material 2 4 3 1 
3.5 Temperature / thermal quality of the handle material 4 4 3 3 
3.6 Sound of the handle material 3 3 3 1 
3.7 Smell of the handle 4 3 3 5 
THE VISUAL APPEARANCE OF THE HANDLE 
4.1 Colour of the handle 2 1 2 5 
4.2 Appearance of the handle surface 2 3 2 2 
4.3 Appearance of the handle's form and shape 3 2 2 4 
4.4 Personality' of the handle 1 1 1 4 
THE APPEAL OF THE HANDLE 
5.1 Feeling of quality about the handle 1 2 2 1 
5.2 Desirability of the handle 2 2 2 1 
5.3 Pleasure in using the handle 2 2 2 1 
5.4 Value for money 5 3 3 2 
5.5 Feeling that the handle is safe 2 4 3 4 
Ratings for the original handle - group studies 
05 05 05 05 
(01) (02) (03) (04) 
06 06 06 06 
(01) (02) (03) (04) FUNCTIONAL PROPERTIES OF FORK 
HANDLE 
1.1 Ease of using the handle to dig 5 1 3 2 2 3 2 2 
1.2 Ease of carrying the handle 5 3 4 2 2 5 3 4 
1.3 Ease of storing the fork 5 3 4 2 4 5 4 4 
1.4 Ease of cleaning the handle 5 5 4 4 4 5 3 5 
1.5 Visibility of handle in garden 
environment 
1 1 1 1 1 1 1 1 
HOLDING THE FORK HANDLE 
2.1 Comfort of handle shape 4 1 3 3 3 3 1 2 
2.2 Appropriate size and proportion of handle 4 5 
5 5 3 2 3 2 
2.3 Appropriate weight of handle 3 1 4 3 4 3 2 2 
2.4 Appropriate balance of handle 4 1 4 3 4 4 2 2 
THE FEEL OF THE HANDLE MATERIAL 
3.1 Softness / hardness of the handle 
material 
4 2 3 3 4 2 4 2 
3.2 Grip on handle 3 2 4 1 1 1 1 2 
3.3 Texture of the handle material 3 1 4 1 2 1 3 3 
3.4 Roughness / smoothness of the handle 
material 
4 2 4 1 3 2 3 2 
3.5 Temperature / thermal quality of the handle material 
4 4 3 3 4 4 4 3 
3.6 Sound of the handle material 3 2 5 4 3 3 3 3 
3.7 Smell of the handle 3 3 3 3 3 3 3 3 
THE VISUAL APPEARANCE OF THE HANDLE 
4.1 Colour of the handle 1 1 1 1 1 1 3 2 
4.2 Appearance of the handle surface 4 2 4 2 2 3 3 3 
4.3 Appearance of the handle's form and 
shape 
3 2 3 2 3 2 3 2 
4.4 'Personality' of the handle 3 1 3 2 3 3 3 2 
THE APPEAL OF THE HANDLE 
5.1 Feeling of quality about the handle 3 1 5 3 2 2 1 2 
5.2 Desirability of the handle 3 1 4 1 2 2 2 1 
5.3 Pleasure in using the handle 4 3 4 1 2 2 2 2 
5.4 Value for money 5 5 5 4 2 3 3 4 
E 
5.5 Feeling that the handle is safe 4 4 5 2 3 4 3 3 
Appendix 5-12: Participant sketch sheets and models 
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Appendix 5-13 Alternative CAD renderings 
Jenny 
Handle 01 Handle 02 
Handle 03 
hin 
Handle 05 Handle 06 
Handle 08 
Handle 09 
Handle 04 
Handle 07 
Handle 10 
Rob 
Handle 01 Handle 02 
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Handle 07 Handle 08 
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Handle 01 Handle 02 
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Appendix 5-14: Modelled handle evaluation ratings 
On-screen digital representations 
FUNCTIONAL PROPERTIES OF FORK HANDLE 
P02 P03 P04 
1.1 Ease of using the handle to dig 2 4 5 
1.2 Ease of carrying the handle 2 4 2 
1.3 Ease of storing the fork 2 4 2 
1.4 Ease of cleaning the handle 4 4 5 
1.5 Visibility of handle in garden environment 4 3 5 
HOLDING THE FORK HANDLE 
2.1 Comfort of handle shape 4 5 5 
2.2 Appropriate size and proportion of handle 2 5 5 
2.3 Appropriate weight of handle 4 x 5 
2.4 Appropriate balance of handle 2 X 3 
THE FEEL OF THE HANDLE MATERIAL 
3.1 Softness / hardness of the handle material xx 5 
3.2 Grip on handle 44 5 
3.3 Texture of the handle material x X 5 
3.4 Roughness / smoothness of the handle material X X 5 
3.5 Temperature / thermal quality of the handle material X X 4 
3.6 Sound of the handle material 4 X X 
3.7 Smell of the handle X X 5 
THE VISUAL APPEARANCE OF THE HANDLE 
4.1 Colour of the handle 4 4 5 
4.2 Appearance of the handle surface 2 4 5 
4.3 Appearance of the handle's form and shape 3 5 5 
4.4 'Personality' of the handle 5 5 5 
THE APPEAL OF THE HANDLE 
5.1 Feeling of quality about the handle 2 5 5 
5.2 Desirability of the handle 4 4 5 
5.3 Pleasure in using the handle 4 4 5 
5.4 Value for money 2 x 5 
5.5 Feeling that the handle is safe 5 4 x 
NB. X=cannot tell from computer images 
3D physical RP model 
P02 P03 P04 
FUNCTIONAL PROPERTIES OF FORK HANDLE 
1.1 Ease of using the handle to dig 3 5 5 
1.2 Ease of carrying the handle 3 5 3 
1.3 Ease of storing the fork 2 4 2 
1.4 Ease of cleaning the handle 2 4 5 
1.5 Visibility of handle in garden environment 4 3 3 
HOLDING THE FORK HANDLE 
2.1 Comfort of handle shape 4 5 5 
2.2 Appropriate size and proportion of handle 3 5 4 
2.3 Appropriate weight of handle 5 1 5 
2.4 Appropriate balance of handle 3 1 4 
THE FEEL OF THE HANDLE MATERIAL 
3.1 Softness / hardness of the handle material 5 2 5 
3.2 Grip on handle 4 4 4 
3.3 Texture of the handle material 5 3 5 
3.4 Roughness / smoothness of the handle material 3 2 5 
3.5 Temperature / thermal quality of the handle material 5 4 4 
3.6 Sound of the handle material 5 1 4 
3.7 Smell of the handle 5 3 5 
THE VISUAL APPEARANCE OF THE HANDLE 
4.1 Colour of the handle 1 2 3 
4.2 Appearance of the handle surface 5 4 3 
4.3 Appearance of the handle's form and shape 3 5 4 
4.4 'Personality' of the handle 5 5 3 
THE APPEAL OF THE HANDLE 
5.1 Feeling of quality about the handle 5 2 5 
5.2 Desirability of the handle 2 3 3 
5.3 Pleasure in using the handle 2 3 5 
5.4 Value for money 4 2 5 
5.5 Feeling that the handle is safe 2 3 5 
NB. X=cannot tell from 3D physical RP model 
Appendix 5-15 Calculation of weighted scores 
Jenny 
Property' 
Weighting by 
participant° 
(V1ý 
Participant's 
scores for 
c Original fork 
(S) 
Original fork 
weighted 
score 
(W, S) 
Participant 
score for 
Digital 
handle d 
Participant 
score fora 
RP handle 
(RP) 
Mean score 
for digital 
and RP 
handles 
1p+RP) 
Digital and 
RP PRs 
weighted 
score 
(W*(D+R 
1.1 5 1 5 2 3 2.5 12.5 
1.2 2 3 6 2 3 2.5 5 
1.3 4 2 8 2 2 2 8 
1.4 4 4 16 4 2 3 12 
1.5 5 1 5 4 4 4 20 
- 2.1 4 2 8 4 4 4 4 
2.2 4 1 4 2 3 2.5 10 
2.3 5 3 16 4 5 4.5 22.5 
2.4 4 2 8 2 3 2.5 10 
3.1 4 3 12 0 5 2.5 10 
3.2 4 2 8 4 4 4 16 
3.3 5 4 20 0 5 2.5 12.5 
3.4 3 4 12 0 3 1.6 4.6 
3.5 4 4 16 0 5 2.5 10 
3.6 1 3 3 4 5 4.5 4.5 
3.7 3 3 9 0 5 2.5 7.5 
4.1 5 1 5 4 1 2.5 12.5 
4.2 2 3 6 2 5 3.5 7 
4.3 2 2 4 3 3 3 6 
4.4 4 1 4 5 5 5 20 
5.1 4 2 8 2 5 3.5 14 
5.2 4 2 8 4 2 3 12 
5.3 4 2 8 4 2 3 12 
5.4 2 3 6 2 4 3 6 
5.5 4 4 16 5 2 3.5 14 
Total weighted score for original fork 
Total weighted score for co-designed 
1, 
-1 
handle 
220 handle (represented by digital and 284.5 
RP PRs) 
a Product properties - see Appendix 5-2 for descriptions b Weightings from 'Requirements of a garden fork handle questionnaire' (Appendix 5-10) 
`Scores from 'Evaluation of original fork questionnaire' (Appendix 5-11) 
d Scores from 'Evaluation of modelled (RP/CAD) handle questionnaire' (Appendix 5-14) 
Rob 
Propertya 
Weighting by 
participant° 
(Ný 
Participant's 
scores for 
c Original fork 
(S) 
Original fork 
weighted 
score 
(W, 5) 
Participant 
score for 
Digital 
handle d 
Participant 
score fora 
RP handle 
(RP) 
Mean score 
for digital 
and RP 
handles 
P/2 
Digital and 
RP PRs 
weighted 
score 
ff(f) 
1.1 4 1 4 4 5 4.5 18 
1.2 4 2 8 4 5 4.5 18 
1.3 3 3 9 4 4 4 12 
1.4 3 4 12 4 4 4 12 
1.5 2 2 4 3 3 3 6 
2.1 4 1 4 5 5 5 20 
2.2 4 4 16 5 5 5 20 
2.3 3 2 6 0 1 0.5 1.5 
2.4 4 1 4 0 1 0.5 2 
3.1 4 2 8 0 2 1 4 
3.2 3 2 6 4 4 4 12 
3.3 4 2 8 0 3 1.5 6 
3.4 3 3 9 0 2 1 3 
3.5 3 3 9 0 4 2 6 
3.6 2 3 6 0 1 0.5 1 
3.7 2 3 6 0 3 1.5 3 
4.1 4 2 8 4 2 3 12 
4.2 4 2 8 4 4 4 16 
4.3 4 2 8 5 5 5 20 
4.4 4 1 4 5 5 5 20 
5.1 5 2 10 5 2 3.5 17.5 
5.2 4 2 8 4 3 3.5 14 
5.3 4 2 8 4 3 3.5 14 
5.4 2 3 6 0 2 1 2 
5.5 3 3 9 4 3 3.5 10.5 
Total weighted score for original fork 
Total weighted score for co-designed 
handle handle (represented by digital and 
270.6 
RP PRs) 
a Product properties - see Appendix 5-2 for descriptions b Weightings from 'Requirements of a garden fork handle questionnaire' (Appendix 5-10) 
`Scores from 'Evaluation of original fork questionnaire' (Appendix 5-11) 
d Scores from 'Evaluation of modelled (RP/CAD) handle questionnaire' (Appendix 5-14) 
Sarah 
Propertya 
Weighting by 
participant ° 
(IM 
Participant's 
scores for 
Original fork 
(S) 
Original fork 
weighted 
score 
Sý 
Participant 
score for 
Digital 
a handle 
Participant 
score fora 
RP handle 
Mean score 
for digital 
and RP 
handles 
jD+RP/21 
Digital and 
RP PRs 
weighted 
score 
D+RP/2 
1.1 5 2 10 5 5 5 25 
1.2 5 2 10 2 3 2.5 12.5 
1.3 5 5 25 2 2 2 00 
1.4 5 5 25 5 5 5 25 
1.5 1 5 6 5 3 4 4 
2.1 5 1 5 5 5 5 25 
2.2 5 1 5 5 4 4.5 22.5 
2.3 5 5 25 5 5 5 25 
2.4 5 1 5 3 4 3.5 17.5 
3.1 6 1 5 5 5 5 25 
3.2 5 1 5 5 4 4.5 22.5 
3.3 5 1 5 5 5 5 25 
3.4 5 1 5 5 5 5 26 
3.5 5 3 15 4 4 4 20 
3.6 1 1 1 0 4 2 2 
3.7 4 5 20 5 5 5 20 
4.1 1 4 4 5 3 4 4 
4.2 1 2 2 5 3 4 4 
4.3 1 4 4 5 4 4.5 4.5 
4.4 3 4 12 5 3 4 12 
5.1 5 1 5 5 5 5 25 
5.2 4 1 4 5 3 4 16 
5.3 4 1 4 5 5 5 20 
5.4 5 2 10 5 5 5 25 
5.5 5 4 20 0 5 2.5 12.5 
Total weighted score for original fork 
Total weighted score for co-designed 
handle 236 handle (represented by digital and 429 
.- _- 
RP PRs) 1 
a Product properties - see Appendix 5-2 for descriptions b Weightings from 'Requirements of a garden fork handle questionnaire' (Appendix 5-10) 
`Scores from 'Evaluation of original fork questionnaire' (Appendix 5-11) 
d Scores from 'Evaluation of modelled (RP/CAD) handle questionnaire' (Appendix 5-14) 
Appendix 6 
A Collaborative Case-Study Exploring Co-Designing Using 
Product Representations 
Appendix 6-1: Participant advertisement 
Have you ever been frustrated by the poor design of food packaging? 
Would you like the opportunity to discuss and evaluate existing packaging and come 
up with ideas for improving food packaging within a lively Informal environment... 
and be paid for doing so? 
I want to find out first-hand the problems that consumers of all ages and abilities experience with 
certain types of food packaging. To do this, I am looking for participants to take part In a1 day 
workshop. During the workshop participants will take part In: 
discussing and evaluating a particular type of existing food packaging with other participants 
coming up with ideas for how the packaging can be Improved 
making prototypes and mock-ups from basic modelling materials which demonstrate your Ideas. 
The workshop is being held at Burleigh Court International Conference Centre on the university 
Campus on Wednesday 5' May 2004, from 9.30 am until 4.30pm. You would be required to 
attend for the whole time during these hours. 
Lunch and refreshments at Burleigh court will be provided, and you will also be paid 
£50 for your participation. 
Prior to the workshop you also be given 2 samples of food packaging (including the food! ) to try 
out for yourself at home. 
If you would like to be considered for selection for this exciting 1day event, you first need to fill In 
a brief questionnaire. A copy of the questionnaire has been attached to this advertisement, so 
you can either: 
" print it off, fill it in, and post back to the address below; 
" fill It In as a Word document and email It back to the address below. 
Alternatively you can contact me by telephone or email requesting a copy to be posted to you 
along with a stamped addressed envelope for returning it. 
There are limited places available, so reply early for the best chance of being selected! 
Reply to: 
Rebecca Cain 
Postgraduate Research Student 
Department of Design & Technology 
Loughborough University 
Loughborough 
Leicestershire 
LE11 3TU 
Telephone: 01509 228739 
Email: R. Cain@lboro. ac. uk 
Appendix 6-2: Participant screening questionnaire 
If you would like to be considered for selection for the 1-day workshop, please answer the 
following questions. Any information you provide will be treated as strictly confidential. 
Age 
Gender Male* Female' 'Delete as appropriate 
Occupation 
Do you regularly cook for chldren? Yes' No' 'Delete as appropriate 
If yes, how many children? 
What are the ages of the children? " "Please write in the ages 
Have you ever experienced difficulty with food packaging? 'Delete as appropriate Yes" No" 
If yes, please give details 
Do you suffer from a medical condition (e. g. arthritis) which makes using food packaging Yes* No* difficult? 'Delete as appropriate 
If yes, please give details 
Do you regularly cook any of the following liquid-based foods? Delete as appropriate' 
Soup Yes* No' 
Baked beans Yes* No* 
Spaghetti hoops I strands I shapes in sauce Yes` No* 
Ravioli Yes" No' 
Macaroni cheese Yes* No* 
Pasta sauces Yes* No' 
Curry sauces Yes" No* 
Which of the following methods do you use to heat up liquid-based foods? Delete as appropriate' 
Electric hob Yea* No" 
Gas hob Yes" No" 
Microwave Yes" No" 
Would you feel comfortable discussing your experiences, thoughts and ideas with other participants? Yee No" 'delete as appropriate 
Although no creative ability is required or expected for the workshop, would you feel comfortable Yes* No* having a go at making packaging prototypes from basic modelling materials? 'delete as appropriate 
Are you available from 9.30am until 4.30pm on Wednesday 5th May 2004? Yes* No* 'delete as appropriate 
Are you able to transport yourself to and from Bu Leigh Court International Conference Centre at 
Loughborough University? 'delete as appropriate 
Yes* No* 
Return the questionnaire by eithern. 
POST 
Print out the questionnaire, fill it in and post back to 
Rebecca Cain 
Department of Design & Technology 
Loughborough University 
Loughborough 
Leicestershire 
LE113TU 
Or EMAIL 
Fill In the questionnaire as a Word document by typing answers in the boxes provided and 
deleting 'yes' and `no' as appropriate. Email it as an attachment back to ILCain@lboro. ac. uk. 
Thank you 
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I look forward to meeting you on Wednesday 5'" May and 
hearing all about your expeMnces of using and conking 
microwaneable flexible packaging. 
Don't forget to bring along this booklet and your 
disposable cameral 
Pleafe feel free to bring along any n rgdee of what you 
consider to be good or bad packaging. You may also bring 
along any other utensils or containers you us¢d when 
cooking the samples If it helps you to explain what you 
have written in this booldet. 
Ric Cain 
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Appendix 6-4: Participant consent form 
Loughborough NIODR FLEXIBLES University 
Department of Design & Technology 
FOOD PACKAGING DESIGN WORKSHOP 
PARTICIPANT INFORMED CONSENT FORM 
The purpose of the workshop has been explained to me. I understand that by taking part in the 
workshop I am helping to further design research. I have read and understood the information 
sheet and consent form and have had an opportunity to ask questions about my participation. I 
am aware that I am under no obligation to take part in this study and that I have the right to 
withdraw from the workshop at any stage for any reason and that I will not be required to explain 
my reasons for withdrawing. I understand that I am required to attend the workshop from 
9.30am until 4.30pm. 
I understand that all the personal information I provide will be treated in strict confidence. I 
understand that the workshop will be video-recorded and photographed to serve as a memory aid 
for analysis by the researcher, and also to be used internally within Amcor Flexibles to 
demonstrate firsthand, users' feedback to the packaging. 
I consent to taking part in this study. 
Participant's name 
Participant's signature Date 
Investigator's signature Date 
The images and video footage collected during the workshop may be used in publications and 
presentations within Loughborough University and Amcor Flexibles. 
I give my consent for any images containing me to be used. I understand that my identity will be 
hidden 
Participant's signature Date 
Appendix 6-5: Participant feedback form 
VP Loughborough 
University 
Department of Design & Technology 
ANKOR FLEXIBLES Participant 
FOOD PACKAGING DESIGN WORKSHOP 
Participant Feedback Form 
Please use the space below to give any feedback on the workshop: 
Did you enjoy taking part? 
Do you think it was a worthwhile thing to do? 
Would you suggest any improvements? 
Appendix 6-6: AF email questionnaire 
I would be grateful if you could spare a few minutes to answer the following six questions. 
Please type your answers under the questions: 
Your name: 
Your job position within AF, and country you work in: 
A brief description of what your job involves: 
1. Did you learn anything new about what consumers think about flexible packaging, or did 
the research only clarify what you already knew? Please give details of any new things 
you learnt. 
2. Please describe five positive things you found good about the packaging and its 
outcomes. 
3. Please describe five negative things you found good about the packaging and its 
outcomes. 
4. Do you think any of the findings will be implemented in further work within AF? 
S. Can you see this kind of research being useful, or of value in your particular job? If so, in 
what way? 
6. Would you like to see AF using more of this type of research in the future? Please 
explain why, or why not. 
7. 
Thank you for your time. Your feedback will be treated In strictest confidence. Please email your 
responses back to R. Cain@Iboro. ac. uk. 
Many thanks. 
Rebecca Cain 
Postgraduate Research Student 
Department of Design and Technology 
Loughborough University 
Loughborough 
Leicestershire 
LE113TU 
UK. 
Appendix 6-7: Packaging concepts and sources of feature description 
Concept 01 (Participants 01 and 04) 
Source 
No. Feature Description 
NS MV 
1 Size H 200mm 
2 Weight With product 250g - 300g 
3 Balance and Stands upright 
stability 
4 Shape (see model) 
5 Footprint Triangle 
6 Usability / Intuitive holding, pictorial instructions 
ease of use 
7 Opening For solid foods tear off half of the top to allow venting, 
tear whole top off to eat. 
For liquid foods, cut comer along dotted lines and pour. 
8 Closing / 
resealing 
9 Pouring / Solid foods removed with spoon or tipped out of top of 
removal pack once lid has been torn off. 
Liquid foods poured from cut away corner. 
10 Holding Hold with both hands at edges. 
Can be held in any orientation. 
11 Grip Textured areas indicate where to grip. 
Pictures of hands show where to grip. 
12 Heat proofing Hold cool areas of pack at edges. 
Torn / cut openings allow steam to vent during cooking. 
13 Instructions Predominantly pictorial " 
14 Storing Triangular shape allows for tessellation 
15 Disposal Folds flat for disposal and is recyclable . 
16 Aesthetic Pictures of food on front of packaging 
appearance Clear panel on underside to allow viewing of product 
17 Braille Included on back of packaging 
18 Safety Warnings about heat. 
Precautions taken to guard against handling hot product 
wall. 
19 'Free' features Free spoon supplied on top of packet. 
20 Performance 
NS = Notes/sketches 
M= Model 
V=Verbal 
Concept 02 (Participant 02) 
Source 
No. Feature Description 
NS MV 
1 Size H 110mm "" 
2 Weight 
3 Balance and Stands upright " stability 
4 Shape Rectangular box / cube " 
5 Footprint Square / rectangular " 
6 Usability / ease of Handle allows for easier handling " 
use 
7 Opening 
Tear-off strip along top reveals a spout made from """ the same plastic material 
8 Closing / resealing 
9 Pouring / removal 
Hold handle and tip package so that product pours " out of spout away from you 
10 Holding Hold the flexible handle " 
11 Grip Fingers grip textured handle """ 
By holding handle, hand is not in contact with hot 
12 Heat proofing product wall. Some problems with position of "" 
escaping steam acknowledged. 
Predominantly graphic 
13 Instructions Strong colourway contrast between print and "" 
background 
14 Storing g 
shape allows easy storage and no " 
wasted space. Flexible handle folds flat for storage. 
15 Disposal Recycling - biodegradable material "" 
16 Aesthetic Clear panel to view product. 
appearance Predominantly pictorial 
17 Braille In same area of package as print " 
18 Safety Precautions taken to guard against handling hot 
product wall. 
19 'Free' features 
20 Performance 
NS = Notes/sketches 
M= Model 
V=Verbal 
Concept 03 (Participant 03) 
No. Feature Description 
NS 
1 Size H 100mm " 
2 Weight 
3 Balance and Stands upright " stability 
4 Shape Rectangular box / cube " 
5 Footprint Square / rectangular " 
6 Usability / 
ease of use 
Handle with finger holes allows for easier handling 
7 Opening Tear strip along 3 sides to lift up lid " 
8 Closing / 
resealing 
Hinged lid allows for resealing 
9 Pouring / 
removal 
Hold handle and tip package so that product pours out " 
10 Holding Hold the flexible handle 
11 Grip Fingers grip handle " 
12 Heat proofing 
By holding handle, hand is not in contact with hot product " 
wall. 
13 Instructions Large enough for people to read without glasses " 
14 Storing Rectangular shape allows easy storage and no wasted " 
space. Flexible handle folds flat for storage. 
15 Disposal Squashed flat " Made from recycled material 
16 Aesthetic Eye-catching colouring " appearance Portray content accurately 
17 Braille ant suitable for people to read without glasses " Braille printed on side of handle 
18 Safety 
19 'Free' features 
20 Performance 
Source 
MV 
"" 
"" 
"S 
.. 
NS = Notes/sketches 
M= Model 
V=Verbal 
Concept 04 (Participant 05) 
No. Feature Description 
1 Size H 185mm 
2 Weight 
3 Balance and Stands upright stability 
4 Shape Based on existing rectangular packet shape 
5 Footprint Oval 
6 Usability / ease Top textured panel with 
finger holes allows for easier 
of use handling. Rigid side handle to aid pouring and stability 
7 Opening Cut corner along dotted line 
8 Closing / 
resealing 
9 Pouring / Hold top of packet through 
hole and rigid side handle, tip 
removal and pour through cut corner hole 
10 Holding Either through the ginger hole or textured top panel, or by the rigid removable side handle 
11 Grip Finger hole, textured top panel, rigid removable handle 
By holding textured cool parts of pack or by the finger 12 Heat proofing hole, hand is not in contact with hot product wall. 
13 Instructions 
14 Storing 
15 Disposal 
16 Aesthetic 
appearance 
17 Braille 
18 Safety 
19 'Free' features Removable side handle which 
doubles up as a spoon or 
stirrer. Also aids stability 
20 Performance 
NS = Notes/sketches 
M= Model 
V=Verbal 
Source 
NS M 
"" 
"" 
"S 
"S 
. 
"" 
"" 
V 
. 
. 
S 
000 
Concept 05 (Participant 06) 
Source 
No. Feature Description 
NS MV 
1 Size H 160mm . 
2 Weight 
3 Balance and Stands upright 
stability 
4 Shape Based on existing packet shape, retained simple design. 
Short and dumpy to fit small microwave. 
5 Footprint Oval 
6 Usability / ease Top and side thick textured panel with finger hole allows 
of use for easier handling. Pack can be held in a number of 
different ways according to preference / ability. 
7 Opening Cut corner along dotted line 
8 Closing / 
resealing 
9 Pouring / Packet functions like a jug. Hold and tip packet to pour 
removal contents through cut comer hole. 
10 Holding Can be held in a number of different ways - either 
through the finger hole on the top panel or by grasping 
the top and side cool textured panel. The other side of 
the packet is thickened to allow hand to support the 
packet when pouring. Allows the packet to function like a 
jug 
11 Grip Finger hole, textured top and side panel, thicken textured 
flat side panel. 
12 Heat proofing By holding textured cool parts of pack or by the finger 
hole, hand is not in contact with hot product wall. Steam 
escapes from side of product not held by hand. 
13 Instructions Clear, clean design, no unnecessary information e. g. 
recipes, intuitive pictorial instructions, large scissors 
symbol. 
14 Storing 
15 Disposal Recyclable with a clear sign 
16 Aesthetic Simple, pictorial design 
appearance 
17 Braille On cool fiat side panel 
18 Safety 
19 'Free' features 
20 Performance Stiff material for soup 
NS = Notes/sketches 
M= Model 
V=Verbal 
Concept 06 (Participant 07) 
, ý, ý' ,° 
Ji 
Source 
No. Feature Description 
NS MV 
1 Size H 220mm " 
2 Weight 
3 Balance and Stands upright " stability 
4 Shape 
Based on existing packet shape. Obvious which part to " 
remove to open. 
5 Footprint Oval " 
6 Usability / ease Pack is heated 
in a plastic cup so contact with hot packet " 
of use wall is minimised. 
7 Opening Cut top of packet off " 
8 Closing I 
resealing 
9 Pouring / Packet functions like a jug. 
Hold and tip packet to pour """ 
removal contents through cut top hole. 
Packets itself has a flat, cool side panel for holding. Entire 
10 Holding packet is put into custom-made cup which has a handle for " 
holding. 
Flat, cool side panel is textured for grip and handle on cup 11 Grip " 
aids holding. 
By holding textured cool parts of pack or by the handle on 12 Heat proofing the cup, hand is not in contact with hot product wall. 
13 Instructions Only relevant product detail - 
Calorific information and " 
cooking instructions. 
14 Storing 
15 Disposal Recyclable " 
16 
Aesthetic Cut away tab differentiated by different colour 
appearance 
17 Braille 
18 Safety Warning on product 
19 Free' features Plastic cup 
for heating the product in, and eating product "" from. 
20 Performance 
NS = Notes/sketches 
M= Model 
V=Verbal 
Concept 07 (Participant 08) 
Source 
No. Feature Description 
NS MV 
1 Size H 150mm " 
2 Weight " 
and 
Model does not stand upright, but presume it is intended 
3 
stability 
to do so. 'Free' stirrer on underside of pack strengthens " 
pack during heating and pouring. 
4 Shape Based on a 'pmt pot'. 
5 Footprint Oval " 
6 Usability / ease Pack is handled by a large handle on side 
of use 
7 Opening Tear rip strip along top of pack " 
8 Closing / 
resealing 
9 Pour ing / Pack easy to remove from microwave using large handle º re r val 
10 Holding Hold packet using the handle on the side 
11 Grip º" Sturdy handle 
By holding handle on the side, contact with the hot 12 Heat proofing product wall is minimised. 
13 Instructions Pictorial """ 
14 Storing 
15 Disposal Flatten pack and recycle " 
16 Aesthetic Clear window to view product appearance 
17 Braille On side of handle " 
18 Safety 
19 'Free' features Stirrer which supports 
the underside of the pack during """ heating and pouring 
20 Performance 
NS = Notes/sketches 
M= Model 
V=Verbal 
Concept 08 (Participant 09) 
Source 
No. Feature Description 
NS MV 
1 Size H 170mm " 
2 Weight 
3 Balance and Stands upright "" stability 
4 Shape Pyramid sape 
5 Footprint Triangle " 
6 Usability / ease Pack is handled grasping side seams 
together and tipping " 
of use product out 
7 Opening Open a hole in side - exact method of opening undecided " 
8 Closing / Possible re-sealable opening considered " resealing 
9 Pouring Pour contents from hole in side of pack "" re moval 
10 Holding Grasp packet by pulling together 2 holes in side seams " 
11 Grip Holes in side seams indicate intuitive holding " 
By holding packet by side holes, contact with the hot 12 Heat proofing product wall is minimised. 
13 Instructions On side of pack - pictorial "" 
14 Storing Difficult to store " 
15 Disposal 
16 Aesthetic Bold instructions and pictorial graphics to 
draw attention " 
appearance to the information quickly. 
17 Braille 
18 Safety Possible problem with steam escaping and scolding user 
19 'Free'features 
20 Performance 
NS = Notes/sketches 
M= Model 
V=Verbal 
Concept 09 (Participant 10) 
Source 
No. Feature Description 
NS MV 
1 Size Purchase H 210mm Heating H 135mm """ 
2 Weight 500g " 
3 Balance and 
stability 
finds upright in both horizontal and vertical orientations "" 
4 Shape Rectangular 
5 Footprint Purchase - triangle. Heating - rectangle "" 
Usability / ease 
Pack features tabs for pulling the hot pack out of the 
6 
of use 
microwave. Pack sits on bigger footprint for cooking and 
smaller footprint for space-saving storage. 
7 Opening Tear off large corner section. Notches begin tear. 
8 Closing / 
resealing 
9 Pouring / 
removal 
Pour contents from hole in comer of pack " 
10 Holding Hold packet by corrugated cold spots or by the fold down " tabs if in the microwave 
11 Grip Corrugated 'cold spot's provide grip. " 
12 Heat proofing 
By holding packet by corrugated side spots or fold down 
tabs, contact with the hot product wall is minimised. 
On side of pack facing towards user when in microwave. 
13 Instructions Clear text on a plain light background. Graphics too small """ 
to be clear. 
14 Storing Small end footprint allows for optimum storage on-shelf. 
15 Disposal Recyclable " 
16 Aesthetic Clear window in end of pack to view product " appearance 
17 Braille 
18 Safety Pull tabs make removing the product from the microwave 
safer 
19 'Free' features 
20 Performance A more paper-like' image would appear to be more 
biodegradable. 
NS = Notes/sketches 
M= Model 
V=Verbal 
Appendix 6-8: Examples of design sheets 
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Appendix 6-9: Analysis of workbook and transcription data 
Kitchen layout and microwave position 
All participants sketched a plan of their kitchen layout in the workbooks. Only one participant 
identified a problem with the general design of the kitchen not being user friendly. 40% of 
participants specified problems with the positioning of their microwave, including the small 
surface area in front of the microwave, height, and the door opening making it awkward to take 
things in and out. 
Previous use and perceptions 
The majority of participants had bought food (mainly rice) In flexible pouches before. Of these, 
half had heated the pouch in the microwave. Regarding the size of the packs, some males 
commented during the discussion that there was not enough for one serving, whereas some of 
the females thought the opposite. 
Regarding perceptions and experience of the packaging, all participants identified positive 
features, including clearly printed instructions and colourful packaging (40%); no need for extra 
utensils and pans (30%); easy to store (30%); minimal waste packaging (30%); ability to stand 
up well through its rigidity and sturdiness e. g. "I actually think the shape is quite dever the way it 
sits on its own base"(30%); ease of use (20%); convenient (20%); quick (20%); and minimal 
mess (20%). Individual participants also commented positively on the packs' tactility; `fresh' 
look; recyclability; and weight e. g. "it's light and easy tocaryforshopping, ratherthan tins': 
Participants suggested specific uses for the product, e. g. as a convenient lunch for taking to 
work. People with special dietary needs could carry their food with them. The convenience of the 
pack was seen as a major benefit with participants discussing how they ate, or would eat the rice 
directly out of the bag, as a self-contained meal. Two participants thought that rice was easier 
to cook than soup. 
90% of participants expressed negative opinions about the packaging in their workbooks. The 
fear of being burnt due to the heat of the packaging and steam was expressed by nearly 40% of 
the participants and 30% reported difficulties with the handling and serving of the food. The 
stability of the packet during cooking was perceived negatively by 2 participants and 2 reported 
difficulties In getting the food out of the pouch due to its heat and sometimes thick consistency. 
Further negativities described by individual participants were: the need to use scissors to open; 
the fear of the contents spilling; the potential damage to the pack in transit and storage; the 
danger of over-filled soup pouches; containers becoming floppy when hot; and doubt about 
whether the pack is environmentally friendly. One participant commented upon the slipperiness 
of the packet when using oven gloves, and likened the experience of wearing oven gloves to 
being "... like working in a radioactive cell-you can't fee/ anything: 
In opposition to the positive opinions on the instructions and appearance of the packaging, in the 
group discussion participants added that the microwave Instructions were not large enough, did 
not cover the full range of microwaves, and that vegetarian symbols were not displayed 
prominently enough, if at all. This was most likely because participants were given different 
brands of food to try, and the clarity of the instructions differed from brand to brand. One 
participant in particular was vocal about the need to consider the needs of visually Impaired 
people, and in her opinion, the instructions on the packaging were too small to be read properly, 
'Me point with this type ofpackaging is that you can prepare something in no time, but if you've 
got to spend ha/fan hour trying to read the packet then It's counter-productive really' 
Cost was perceived negatively by the 80 year old participant, who had found out the price of his 
soup sample: "I think price-wise would rule me out. I think they're very dear. Just biking about 
the soup, I noticed yesterday £1.60 it was, and it was only one he/ping. You can buy packet 
soups, yougeta pint anda half out of those for less than a pound". Another participant 
commented ", oessibly the most expensive way of buying rice ever invented . Despite the issues 
with cost, the majority had bought flexible pouches. 
Testing the packaging 
Prior to cooking, all participants recorded comments (rice=55; soup=45) about how the 
packaging would perform. For both food types, the majority of the comments were positive 
(rice=67%; soup=49%). The remainder of the comments were either negative (rice=26%; 
soup=44%), or were questions regarding how the pack would perform (e. g. to do with height of 
pack in microwave) (rice=7%; soup=7%) 
Positive comments for the rice packaging referred to appearance (attractive packaging 40%; clear 
Instructions 50%); the clear panel on the base of the pack giving a view of the food within; the 
tear strip for opening; easy storage; size; stiffness; convenience and tactile qualities. For the 
soup packaging, 40% thought that the packaging was attractive, and Instructions were either 
easy or difficult to follow, depending on the brand tested. Further positive comments included 
ease of handling when cold; a transparent base; and tactile qualities and stability. 
Negative comments for the rice packaging referred to fear of the pack becoming too hot losing its 
stability during cooking; ease of removing food; warning if the pack had been punctured; 
nutrition information printed too small; inaccurate cooking instructions and confusing tear 
Instructions. For the soup packaging, negative comments concerned stability (30%); uninspiring 
design; the need to use scissors to open the pack 
All of the participants stated that they had followed the Instructions for cooking the rice and the 
soup, although on some packs the tear openings were confusing as it was unclear how far to 
tear. One participant stated that oven gloves were required, but was concerned that the pack 
may slip. 
Half of the participants used utensils when cooking the rice (a fork to fluff up the rice; an oven 
glove or tea towel to hold the hot pack and scissors to open). 60% used utensils when cooking 
the soup (scissors; a tea towel or oven glove). 
Perceptions and experiences after testing 
The general feeling from the group discussion was that the rice had performed better than 
expected and was better than the soup predominantly due to the pack remaining sturdy during 
cooking. Half thought the soup packaging performed better than expected, again due to 
sturdiness during cooking. Three participants thought the pack performed as they expected, or 
the stability was better but the heat conduction was much worse. Participants tended to express 
negative comments about the taste and edible qualities of the rice. As the food itself was not the 
concern of this study these comments were disregarded. 
Difficulties in opening 
Difficulties in tearing opening the packaging were discussed, e. g. "for some reason r tore one 
side, and to complete the tearI tore from the other side, and then had to cut the middle bit 
Maybe it was just me... the middle was a bit stiffer , and likewise 7 read the Insdvctlons and it 
said open the packet 20mm. An then r saw two little notches on the sides and thought they 
meant 20mm from the top and right across... so r thought they must mean 20mm all along when 
r saw the two notches so r did that and before r knew what happened It had upped all the way 
acres': Simply cutting corners off was suggested as being the easiest and most simple option. 
The opening method also affected the heat of the steam when opening and serving, e. g. 7liked 
to see the fact that the packet had a little nick out so you can tear it easier across the top, 
a/though I did have a prob/em with that whereby I tore it a bit and forgot which side Id actually 
opened and then when 1 was removing it from the microwave I actually burnt myself on the 
escaping steam - well, not badly.! " 
Problems with heat 
Half of the participants reported problems concerning the heat of the pack after cooking. Three 
participants described using a tea towel or oven glove to protect their hands, and one participant 
reported that the pack as difficult to handle with an oven glove due to its slipperiness. 
Holding positions for the pack when removing it from the microwave and serving were discussed. 
It was evident that participants were holding the packs around the sealed edges on the sides and 
base of the pouch and at the comers, which were not in contact with the hot product 
Three participants in the discussion also revealed how they thought that the packaging had 
become stiffer during cooking, which was better than plastic trays which tended to go floppy. It 
was not known if technically, the packs had become stiffer. 
Problems with size 
A major problem identified by 40% of participants was the size of one of the soup packets being 
too tall for standard sized microwaves. To get round the problem, two participants folded the top 
over, with one describing how she was afraid it would explode everywhere if it was too open, and 
the other describing how the pouch scraped on the roof and made the base plate rattle. Another 
participant just left the top of the pouch, but commented that the steam condensed on the roof 
of the microwave and dripped hot water on his hand when he removed the pouch. This is an 
interesting example of how designs can make it all the way into production and retail, without 
even basic user testing. 
Perception of fear 
Further general problems found with the packaging were difficulties in pouring; a crackling noise 
during cooking and spattered soup inside the microwave, which was described as being "quite 
scary actua//y': Fear of the product emerged through the discussion, e. g. "I was anticiaating pain 
when Igot the soup our and "I was expecting to get splashed or sloshed orsometh/ng' 
Perception of fear is an important issue for designers, as products if products look like they will be 
scary to use, this will put users off from even trying them. 
Concern was expressed during the discussion about allowing children to cook in this way, and it 
was the opinion of one participant that it was more difficult than using a pan, because it involves 
more skills for children, and children always want to do things quickly and do not always read 
things. The participant summed up by saying "whereasI would allow them to cook a can of 
beans and open the can, .r think there 
s more control with a hob because you can turn the heat 
down. Whereas this [pouch] is cold, and suddenly hot and fora child, that's difcult". Other 
participants did not comment about the suitability of the packaging for use by children. 
Positive feedback 
All participants reported positive things about the packaging. Most of these duplicated those 
documented prior to cooking. The main difference was that over half of participants found the 
sturdiness of the pack and it's ability to remain upright and not become floppy when heated much 
better than they had thought. 
Disposability 
The products were seen as disposable with the majority of participants throwing the rice packet in 
the bin. No participants reported in the workbooks that they kept leftovers in the packaging for 
later use. A reason given for this was a fear of spillage, e. g. 'When it's full, It's quite stable, but 
you takeout half the contents and its more likely to get knocked over. Participants were able to 
suggest design improvements in the form of re-sealing features. 
Design improvements 
The user workbook showed that participants were already able to suggest improvements 
particularly with regard to addressing the heat problems. This was encouraging as it showed that 
participants were already thinking of ideas prior to the co-designing session. Solutions suggested 
at this point included a reflective inner surface, a separate steam vent, heat resistant areas and a 
microporous cooking vent. The addition of a handle; a finger hole in the packaging to aid 
carrying; and textured areas for grip were also suggested as methods to aid handling. General 
improvement suggestions were also offered, including accessibility without requiring utensils, 
recyclable materials, intuitive opening through scissor symbols, and a plastic holster into which 
the packets are placed to give stability and ease of handling. 
Appendix 6-10: Coding strategy for content analysis 
Feature Code 
Size SZ 
Weight WT 
Balance and Stability BS 
Shape SH 
Footprint FP 
Usability/ Ease of use US 
Opening OP 
Closing / Resealing CL 
Pouring/ Removal PR 
Holding HO 
Grip GR 
Heat Proofing HP 
Instructions IN 
Storing ST 
Disposal DI 
Aesthetic Appearance AA 
Braille / Visual Impairment VI 
Safety SF 
Free Features FF 
Performance PF 
Appendix 6-11: Concept counts 
Sketch sheets 
Participant No. 
Feature 1 2 3 4 5 6 7 8 9 10 TOTAL 
Size 1 1 1 2 1 3 1 1 2 13 
Weight 1 1 1 1 1 5 
Balance and Stability 5 2 1 3 4 2 3 20 
Shape 3 1 4 1 1 1 3 2 1 2 19 
Footprint 5 2 1 1 1 1 2 3 16 
Usability / Ease of use 1 1 1 1 1 5 
Opening 3 1 1 1 1 1 3 3 1 15 
Closing / Resealing 1 2 1 1 5 
Pouring / Removal 3 1 1 1 2 1 2 3 14 
Holding 2 5 1 1 1 2 3 15 
Grip 3 2 4 2 5 1 1 2 1 2 23 
Heat proofing 4 1 1 1 1 2 5 4 2 2 23 
Instructions 2 4 1 2 4 1 1 1 16 
Storing 2 3 1 2 1 9 
Disposal 1 1 1 1 2 1 1 8 
Aesthetic Appearance 4 2 1 1 3 2 2 1 16 
Braille 1 1 1 3 
Safety 1 1 2 1 5 
Free'features 1 1 2 4 
Performance 1 1 2 2 6 
Models 
Concept No. 
Feature 1 2 3 4 5 6 7 8 9 TOTAL 
Size 1 1 1 1 1 1 1 1 1 9 
Weight 0 
Balance and Stability 1 1 1 1 1 1 1 1 1 9 
Shape 1 1 1 1 1 1 1 1 1 9 
Footprint 1 1 1 1 1 1 1 1 1 9 
Usability/ Ease of use 0 
Opening 1 1 1 1 1 1 1 1 8 
Closing / Resealing 0 
Pouring / Removal 1 1 1 1 1 1 1 1 8 
Holding 1 1 1 1 1 1 1 1 1 9 
Grip 1 1 1 1 1 1 1 1 1 9 
Heat proofing 1 1 1 1 1 1 1 1 1 9 
Instructions 1 1 1 1 1 5 
Storing 0 
Disposal 1 1 2 
Aesthetic Appearance 1 1 1 1 1 5 
Braille 1 1 2 
Safety 1 1 2 
Free' features 4 
Performance 0 
Verbal description 
Concept No. 
Feature 1 2 3 4 5 6 7 8 9 TOTAL 
Size 1 1 1 3 
Weight 1 1 2 
Balance and Stability 1 1 1 1 1 5 
Shape 1 1 1 1 2 2 1 1 1 11 
Footprint 1 1 1 1 1 2 7 
Usability/ Ease of use 1 1 1 2 2 1 1 1 3 13 
Opening 2 1 1 1 1 1 1 1 1 10 
Closing / Resealing 1 1 1 3 
Pouring / Removal 2 1 1 1 2 2 1 1 1 12 
Holding 2 1 1 3 3 2 1 1 2 16 
Grip 2 1 1 4 2 1 1 1 13 
Heat proofing 2 1 1 1 1 2 1 1 2 12 
Instructions 1 2 4 1 1 2 ii 
Storing 1 1 2 4 
Disposal 1 1 1 1 4 
Aesthetic Appearance 2 1 1 1 5 
Braille 1 1 2 1 1 6 
Safety 2 1 3 
Free' features 1 2 2 1 6 
Performance 1 1 
Feature sketch model verbal TOTAL Rank Ranked 
features 
Size 13 9 3 25 1 Grip 
Weight 5 0 2 7 
2 Heat proofing 
Balance and Stability 20 9 5 34 
3 Holding 
Shape 19 9 11 39 4 Shape 
Footprint 16 9 7 32 
5 Pouring / removal 
Usability / Ease of use 5 0 13 18 - 
Balance and stability 
Opening 15 8 10 33 7 Opening 
Closing / Resealing 5 0 3 8 8 Footprint 
Pouring / Removal 14 8 12 34 - Instructions 
Holding 15 9 16 40 10 Aesthetic appearance 
Grip 23 9 13 45 11 Size 
Heat proofing 23 9 12 44 
12 Usability 
Instructions 16 5 11 32 13 Free features 
Storing 9 0 4 13 14 Disposal 
Disposal 8 2 4 14 15 Storing 
Aesthetic Appearance 16 5 5 26 
16 Braille 
Braille 3 2 6 11 17 Safety 
Safety 5 2 3 10 18 Closing / resealing 
Free' features 4 4 6 16 19 Weight 
Performance 6 0 1 7 - performance 
Appendix 6-12: Relational analysis 
Size 
Weight 
Balance and Stability 
Shape 
Footprint 
Usability / Ease of use 
Opening 
Closing / Resealing 
Pouring / Removal 
Holding 
Grip 
Heat proofing 
Instructions 
Storing 
Disposal 
Aesthetic Appearance 
Braille 
Safety 
Free'features 
Performance 
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Appendix 6-13: Participant feedback 
Participant 
Did you enjoy 
woWas rthwhile? 
it 
Any Improvements? Comments 
taking part? worthwhile? 
01 Yes Yes No 
02 Yes Yes Royalities payable to 
those who come up 
with viable ideas 
03 Great fun and Very much so No 
very inspiring 
04 Enjoyed it very Very worthwhile 
much with such a 
wide range of 
people 
05 
06 Yes definitely Yes definitely A warm-up activity to 
introduce names 
07 Yes An evaluation session 
on existing prototype 
designs. More 
structured problem 
solving techniques 
Very friendly and good 
fun 
Time passed quickly and 
was planned and 
structured. I was 
amazed at the different 
ideas 
08 I enjoyed The variety of people led 
taking part to a discussion of multi- 
faceted ideas and 
covered many angles 
that as an individual I 
would have missed 
09 Day was Felt it was Would have liked more Able to execute and 
enjoyable worthwhile time to put together discuss ideas, practical 
the model and outcome of the day. 
formulate a few more 
ideas 
10 Very much! It I hope so. I'd Not anything I can Very well organised! 
is good to be like to think think of right now! Thanks for the 
able to have that at least opportunity to 
some Input into one or two of participate! 
this kind of our ideas are 
work built into the 
design of the 
future 
